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MINUTES  OF  MEETINGS. 


Of  the  Institute. 


Annual  .Mkktino. 
Mklhourxk,  oOth  Januaky,  1'.'2('. 

IN  THE  institute  ROOMS,  4S  QUEEN  STREET,  AT  1  T.M. 

Mr.  H.   Herman  (member  of  Couuril)  occupied  the  chair. 
The  Secretary  read  the  notice  convening  the  meetiiifr. 
Miinites  of  the  Special  (General  Meeting  and  the  First  Ordinary 
Meeting,  1020,  held  in  October,  were  read  and  confi lined. 


lY  MINUTES. 

The  Report  of  the  Council  and  Balance-Sheet  for  1919  were 
submit  tod  and  adopted. 

As  the  nominations  to  fill  the  vacancies  created  by  the  annual 
retirement  of  otHce-bearers  were  not  in  excess  of  the  vacancies, 
the  Chairman  declared  the  following  elected  : — 

President   -        -     H.  W.  Chapman. 

Vice-President    -     C(^lin  Fraser. 

Council       -        -     Robert  C.  Sticht. 

A.  A.  Boyd. 

W.  E.  Wainwright. 

(i.  II.  Blakemore. 

James  Hebbard. 

James  Horsburgh. 

11.  W.  Gepp. 

The  meeting  then  closed. 


Report  of  Council  for  1919. 


to  the  members. 


The  Council  has  pleasure  in  submitting  the  following  summarized 
report  of  the  Proceedings  of  the  Institute  for  the  past  year. 

Memljership  now  totals  585,  made  up  as  follows  :  —  Life 
M^'mlxifs,  4  ;  Meml>er8,  372  ;  Associate  Members,  149  ;  Students, 
60.  Six  Meml)er8,  7  Associate  Members,  and  1  Student  were 
admitted  during  the  year  ;  3  members  resigned,  4  died,  and  reports 
have  come  to  hand  that  7  more  members  were  killed  on  active 
semce  during  the  war.  Four  Associate  Members  were  trans- 
ferred to  the  grade  of  Meml>er.  The  total  membership,  therefore, 
reinainii  the  Hame  as  last  vear. 
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The  Council  has,  with  sincere  regret,  to    report  the  loss  the 
Institute  has  sustained  by  the  death  of  four  prominent  members, 
viz.  : — F.  H.  Evans,  Manager  of  the  Sulphide  Corporation's  works 
at   Cockle    Creek,    N.S.W.  ;     H.    W.    Ferd.    Kayser     (Foundation 
Meml^er),  formerly  Manager  of  the  Mount  BLschofF  Co.,  Tasmania  ; 
H.  R.  Hancock  (Foundation  Member),  for  28  years  superintendent 
of  operations  at  the  Wallaroo  and  Moonta  mines,  S.A.  ;  and  Dr. 
Rossiter    A\".    Raymond    (Honorary    Member),    Secretary    of    the 
American     Institute     of   Mining     and    Metallurgical     Engineers. 
Belated    reports    have    also     been    received    of    the    deaths    of 
the     following     members     whilst     on     active     service,     viz.  : — 
Willoughby  G.  Bell  (Life    Member),  late    of    the    Croesus    South 
G.M.  Co.,   Kalgoorlie,    W.A.  ;    Francis    P.    Bray,    who,    prior    to 
the   war,    was   engaged    in    mining    operations    in   West    Africa  ; 
H.     S.     Warde,      formerly     Mining     Inspector,     Rockhampton, 
Queensland  ;   W.    P.   Avery,   of  the   Klong   Sa   mine,   Tammarat 
Mining    Syndicate,  Bandon,  Siam  ;    Andrew  Getty,  late  Assistant 
Surveyor,  Ivanhoe  Gold  Corporation,  Boulder,  W.A.  ;  W.  H.  A. 
MacDonnell,    of    the    Charters    Towers     School   of     Mines  ;     and 
Kenneth    Aubrey    Mickle,    who,    at    the    outbreak    of    the    war, 
was  chief   chemist    at    the   Burma    Mines    Ltd.,    Upper    Burma. 
Obituary    notices    concerning    these    members    appeared    in   the 
Proceedings. 

Resignations  as  follow  were  accepted: — Messrs.  Joseph 
Grimmond.  ^^■.   B.  Blyth,  and  W.  A.  MacLeod. 

Four  meetings  of  the  Institute  were  held  at  Melbourne  during 
the  year — the  Annual  Meeting  on  *Hst  January,  Special 
General  Meetings  on  Oth  June  and  27th  and  2Sth  October, 
and  the  First  Ordinary  Meeting  on  29th  October.  Minutes 
of  these  meetings  were  published  in  Pioceedings  Nos.  'SS, 
31,  and  'M).  No  definite  uuuouncement  can  yet  be  niado 
in  regard  to  the  locality  of  the  First  Ordinary  Meeting,  1920, 
but  it  is  hot)e<l  that  the  projected  visit  to  Port  Pirie  will  be 
arranged. 

Committees   as   follow   were   appointed   during   the   year  : — An 
Executive   Committee,   a   Finance   ('(immittec,   a    Publication   and 
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Education  (oiiunittee,  a  Brandies  Committee,  and  a  Mining 
Mauagei"s'  Certificates  Committee. 

Bv  ballot  of  members,  taken  on  Oth  June,  it  was  decided  that 
the  name  of  the  Institute  sliould  be  altered  to  "  The  Australasian 
Institute  of  Mining  and  Metallurgy."  The  new  title  is  much 
niort*  comprehensive  and  in  keeping  with  the  aims  and  objects 
of  the  Institute. 

The  Honour  Roll  (pp.  xi,  xii),  containing  the  names  of  those 
members  who  were  on  active  service  during  the  war,  is  now  fairly 
complete,  but  it  is  possible  that  some  names  are  still  omitted. 
The  Council  would,  therefore,  be  glad  to  receive  any  information 
to  complete  the  list,  also  particulars  of  honours  conferred  or  of 
changes  in  rank.  Names  of  members  who  were  engaged  in 
war  work,  thoufjh  not  actually  "  on  active  service,"  are 
also  desired.  The  honour  roll  contains  127  names.  This 
is  a  matt-er  of  pride  to  the  Institute,  more  especially  so  as 
such  a  large  proportion  won  decorations  for  gallant  and 
distinguished  .service.  The  Special  Order  issued  by  the 
Commander-in-Chief  of  the  British  Forces,  published  in  Pro- 
ceedings No.  *52,  is  a  very  high  compliment  to  the  splendid 
services  rendered  by  the  units,  so  many  of  which  were  officered 
by  mcml)ers  of  the  Institute. 

Pa|M*r8  published  in  the  Procoedinfjs  during  the  year  included  : — 
"  Tapping  Water  by  Diamond  Drill  Holes,"  by  Edmund  B.  Dow  ; 
'•  Lsrnnetric  Mine  PlaiLs,"  by  H.  Edward  Clayton  ;  "  Ore  Treat- 
ment, Plant  and  Treatment  Operations  at  the  Edna  May  Gold 
Mining  Co.,  N.L.,  Westonia,  W'.A.,"  by  .Mr.  T.  Williams;  "Notes 
on  Cornish  Tin  Mining,"  by  the  late  W.  E.  M'Bryde  Bromi  ; 
"Notes  on  the  8.  and  .M.  Mine  and  on  Treatment  of  Bismuth, 
Tin,  an<l  Wolfram  Ores,"  by  Wni.  E.  Hitchcock  and  J.  R.  Pound  ; 
"  Wliat  Ls  th<'  Matt«;r  with  Australian  Mining  ?  "  (with  discussion) 
by  F.  Dan  vers  Power ;  "  Underground  Sampling,"  by  Walter 
G.  A-  Smith  ;  "  Froth  Flotation  at  Broken  Hill  "  (with  discussion), 
by  C.  ('.  Fre><^man. 

The  following  papt^rs  have  been  approved  for  publication,  and 
will  appear  in  the  March  issin*  of   Proceedings: — "Notes  on  the 
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Work  of  an  Australian  Tunnelling  Company  in  France,"  by 
Oliver  H.  Woodward  ;  "  Some  Controlling  Factors  in  Flotation  " 
(with  discussion),  by  Ralph  D.  Xevett. 

The  Council  has  decided  that  representatives  of  the  technical 
press  be  permitted  to  peruse,  in  the  Institute  rooms,  the  MSS.  of  ) 
papers  presented  to  the  Institute  and  approved  for  publication 
in  the  Proceedings,  and  to  publish  a  summary  thereof,  subject 
to  the  consent  of  the  author.  It  has  also  been  decided  that,  unless 
otherwise  stipulated  by  authors  of  papers,  degrees  be  published 
after  authors'  names. 

The  Secretary,  Department  of  Defence,  Commonwealth  of 
Australia,  in  November  last  invited  the  Institute  to  undertake 
the  writing  and  publication  of  a  book  of  250-300  pages  on  the 
offensive  and  defensive  work  underground  during  the  Great  War. 
The  Council  ;\,cccpted  the  invitation,  and  appointed  a  committee 
to  take  the  matter  in  hand.  The  committee  will,  in  the  first 
place,  ascertain  if  a  desire  exists  among  the  members  and  mining 
companies  for  such  an  important  record  to  be  writt-en.  It  would 
appoint  a  writer  at  a  salary-,  undertake  the  collection  of  sub- 
scriptions to  cover  the  cost,  also  the  distribution  of  the  book. 
The  Government  woidd  provide  clerical  assititance,  the  necessary 
maps  and  diagrams,  access  to  all  records,  and  space  to  work  upon 
them.  This  work  would  be  of  great  historic  value,  especially 
to  members  of  the  Institute.  Members  will  be  requested  later 
to  indicate  whether  they  desire  to  take  copies  of  the  work  when 
finished. 

The  *'  A.  T.  Danks  Prize,  1918,"  for  the  best  paper  con- 
tribut-ed  by  a  student  taking  part  in  the  1918  excursion 
has  been  awarded  to  Mr.  Theodore  W.  Tobe,  of  the  Melbourne 
University. 

During  the  year  Mr.  J.  W.  Sutherland,  i)ast  President,  generously 
placed  in  the  hands  of  the  Comicil  the  sum  of  fifty  guineas,  to 
be  used  at  its  discretion  for  the  purpose  of  encouraging  students 
in  mining  and  metallurgy  by  means  of  j.rizes  or  medals  or  to  hel[) 
forward  any  of  the  other  objects  of  the  Institute.     The   Publica- 
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tion  and  Ediioation  Commitk>e  has  been  deputed  to  give  effect  to 
-Mr.  Sutlierland's  wishes. 

The  In.«<tjtute  is  also  indebt-ed  to  the  Broken  Hill  Mining 
Managers'  Association  for  the  very  practical  way  in  which  it  Ixas 
encouraged  the  writing  of  papers  on  technical  subjects.  Tliis 
Association  has  donated  the  sum  of  £100  to  the  Broken  Hill 
branch  for  four  prizes  of  £25  each  for  papers  on  (1)  wet  concentra- 
tion, (2)  flotation  ;  the  selection  of  subjects  for  prizes  3  and  4  has 
been  left  to  the  discretion  of  the  branch. 

The  Council  desires  to  place  on  record  its  appreciation  of  the 
donations  above-mentioned. 

The  (,'ouncil  is  pleased  to  report  that  the  funds  donated  by  the 
principal  Australian  base-metal  mining  companies  for  providing 
bursaries  and  scholarships  for  mining  students  have  been 
sufficiently  augmented  to  allow  of  the  extension  of  the  system 
to  the  Sydney,  Brisbane,  and  Hobart  Universities.  Mr.  Wm. 
Poole  and  ^Iv.  H.  W.  Gepp  have  been  appointed  to  represent 
the  Institute  on  the  selection  committees  representing  the'  Sydney 
and  Hobart  Universities  respectively.  The  nomination  of  an 
Institute  representative  to  the  selection  committee  of  the  Bris- 
bane University  will  shortly  be  made. 

The  Employment  Register,  inaugurated  in  1917,  has  been  of 
considerable  assistance  in  securing  positions  for  members,  and 
in  this  matter  mining  companies  have  leadily  co-operated 
with  the  Institute.  Members  desiring  engagement  should  for- 
ward to  the  Secretaiy%  for  filing,  full  particulars  of  their 
qualifications  and  experience,  copies  of  references,  and  tlic 
class  of  engagement  they  are  anxious  to  secure.  It  is  expected 
that  the  system  will  \ye  considerably  extended  duiing  the  coming 
year. 

Ah  rcfX)mmended  at  the  First  Ordinary  Meeting,  1919,  a 
committee  has  l)een  appointed  to  prepare  a  statement  on  the 
subject  of  certification  of  Mine  Managers.  The  recommendations 
when  complete  will  be  forwarded  to  the  various  Departments  of 
Mines. 
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The  proposal  that  the  Institute  should  lend  its  support  to  the 
movement  for  the  adoption  by  the  English-speaking  peoples  of 
the  decimal  or  metric  system  in  place  of  the  system  of  weights 
and  measures  was  discussed  by  the  Council  and  approved.  It 
was  recognized,  however,  that  a  comprehensive  change  over  to 
the  metric  system  would  involve  a  large  capital  expenditure  and 
be  very  far-reaching  in  its  incidence,  and  a  suggestion  was  made 
that  the  matter  be  referred  to  a  representative  British  Royal 
Commission  for  investigation  and  recommendation.  It  has  been 
shown  that  70  per  cent,  of  all  nations  have  discarded  the  arbitrary 
standards  of  weights  and  measures  and  have  made  the  metric 
system  obligatory.  A  recommendation  on  this  matter  will  be 
made  by  the  Council  during  the  ensuing  year. 

Consideration  was  given  by  the  Council  in  October  last  to  a 
proposed  amendment  of  the  Local  Government  Act,  Xew^  South 
Wales,  affecting  the  taxation  of  metalliferous  mines.  After 
representations  were  made,  the  clause  objected  to  was  further 
amended,  to  the  satisfaction  of  the  Council. 

The  Institute  of  Science  and  Industry  has  been  approached 
with  the  view  to  ensuring  that  the  mining  industry  is  repre- 
sented on  the  Advisory  Councils  of  each  State  and  on  Standard, 
ization  Committees. 

With  the  termination  of  the  war  members  were  invited  to  assist 
in  the  establishment  of  local  committees  in  each  capital  city  and 
in  nuTung  and  metallurgical  centres  where  branches  are  not  already 
in  existence.  As  a  result  a  local  committee  has  been  formed  in 
Sydney,  consisting  of  Messrs.  A.  A.  Atkinson,  G.  H.  Blakemore, 
F.  A.  Eastaugh,  Wm.  Poole,  F.  Danvers  Power,  A.  E.  Savage,  and 
J.  I).  Audley  Smith.  The  Council  trusts  that  during  the  ensuing 
year  membei-s  will  exercise  their  priN-ileges  in  thli  matter  and  so 
assist  in  extending  the  usefulness  and  influence  of  the  Institute. 
These  local  conmiittees  will  form  the  nucleus  of  branches  under  the 
new  constitution. 

As  anticipated,  the  proposal  that  the  Australasian  Institute  of 
Mining  and  Metallurgy  should  become  a  branch  of  the  Institution  of 
Engineers   of     Australia   was   rejected   bv   memWrs   by   an   over- 
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whelming  majority  :  Imt,  as  intimated  at  the  commencement  of 
the  discussion  on  this  question,  the  Council  would  welcome  a 
scheme  of  federation  with  the  new  Institute  when  its  establish- 
ment is  satisfactorily  completed. 

MemlxM-s  have  l>een  kept  fully  informed,  through  the  medium 
of  the  Proceedings  and  the  various  circulars  issued  during  the 
vear,  of  developments  in  the  matter  of  the  extension  of  the  scope 
and  activities  of  the  Institute  ;  but  the  issue  is  of  such  great 
importance  that  the  Council  urges  members  to  thoroughly  lealize 
bv  a  careful  studv  of  the  memorandum  and  articles  of  association 
recently  issued  and  discussed  at  the  special  meeting  in  October, 
what  this  movement  means.  The  proposed  new  constitution  was 
very  carefully  drafted,  and  certain  important  improvements 
suggested  at  the  special  meeting.  The  draft  showing  these  amend- 
ments will  shortly  be  posted  to  members  for  their  final  suggestions, 
and  the  final  draft  will  then  be  submitted  for  ballot.  With  the 
accei)tance  of  the  constitution  the  necessary  steps  towards  in- 
corporation will  immediately  be  taken.  Apart  from  the  most 
important  matter  of  the  extension  of  scope,  the  Council  desires, 
at  this  stage,  to  especially  direct  the  attentions  of  members  to 
the  following  important  points  which  the  adoption  of  the  new 
constitution   involves  : — 

(I)  A   still   further  stiffening  of   the   requirements   regarding 

admi.ssion  to  the  Institute. 
("2)  A  strong  movement  to  secure  by  the  Institute  or  other 
authority  the  establishment  of  a  register  of  mining 
engineers  and  metallurgists  duly  qualified  to  act  as 
such. 
(3)  All  .M<'mbers,  Associate  Members,  and  Students  of  the 
present  unincorporated  Institute  automatically  become 
niomlKM-s,  et<^-.,  under  the  new  constitution  on  paymeM 
of  (irrears  of  stibsrrfptioyi  {if  any).  The  Council  trusts, 
howevrr,  that,  under  this  clause,  no  exclusions  will  be 
necessary  ;  but  this  rests  entirely  with  the  members 
themselves. 
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HONOUR   ROLL. 


Aarons,  J.  Boyd,  Capt. 
Adcock,  Garnet  L,  Capt. 
Alexander,  E.  S. 
Anderson,  A.  F.  S. 
Anderson,  W.  T..  Liout. 
Avery,  Wm.  P.  (killed  in  action). 
Bayly,  Colin  (killed  in  artion). 
Banks,  C.  A.,  Capt. 
Barber,  C.  S.,  M.C. 
Bennkt.  V.  C,  Lieut. 
Berriman,  R.  V. 
Best.  (J.  H.  T..  M.C. 
Bell,  W.  G.  (killed  in  action). 
Bell,  J.  Mackintosh,  Lt.-Col. 
Bloom,  Leo. 
Blunden,  L.  E. 
Bray.    V.    P.,    Mt-.jor  (killed  in 

action). 
Brown,  H.  Wheeler. 
Bullen,  G.  L. 
BiRBRiDGE,  Percy. 
Campbell,  A.  G.,  Capt.,  D.S.O. 
Casey,  R.  G.,  IMe.jor,  D.S.O. 
Carless,  Noel,  Staff-Serjjeaut. 
Carroll.  H.  H  ,  Capt.,  M.C. 
Connor,  .1.  L.  (killed  in  jvction). 
Coulter,      Lkslik    .1.,    Major. 

D.S.O.  (killed  in  action). 

CowLEs,  Richard. 
Clayton,  C.  H.  .).,  Lnut. 
ClElani),  W.  L. 
Davies,  H.  Warlow.  Lieut. 
Dean,  Harry  M. 
Dempster,  G.  C. 
Donaldson,  R.  .1..  Mitj..  D.S.O. 
Dow,  J.,  Licnt. 


Drain,  P.  J. 

Dubois,  A.  J.,  Capt. 

Dunstan,  Basil. 

Eastaugh,  F.  A. 

Elford,  C. 

Ford.  Norman  (killed  in  action). 

Foster,  Donald. 

FOXALL,  J.  S. 

Fraser,  Donald  L.,  Lieut. 
Fraser,  E.  H.,  Capt. 
Finlayson,  R.  J.  Stanley'. 
Gartrell,  W.  H.,  Lif'ut. 
(tabriel,  G.  E.,  Lieut.,  M.M. 
Grieve,  \V.  H. 
GooDE,  K.  K. 

Grut,  L.  de  Jersey,  Capt.,  M.C. 
Hargraves,  E.  p.,  Lieut. 
Hammel,  H.  E.,  Lieut,  (killed  in 

action). 
Herbertson.    R.    C.    (killed    in 

action). 
Hogarth,  A.  ^I.  (killed  in  action). 
Holder,  E.  M. 
Hooper,  F.  H. 
HoRSLEY,  Ralf  D. 
Hunter,  Stanley  B.,  Ciipt. 
Hu(;hes,  Eric  W. 
Irvine,  C.  L. 
Kelly,  M.   H.   H..  Capt.,  Croix 

de  Guerre. 
JowETT,  A.  C,  Capt. 
Junner,    Norman     R.,     >rajor, 

M.C. 
Kelly,  AH. 
Kerr,  F.  T. 
Key,  J.  v. 


\!! 


MINUTES. 


Honour  Roll 

Kneeboxk,  C.  S..  M  ^[. 
Lakkland.  Wm.  J.,  Major. 
Lewis,  Keith  B.,  Lieut. 
Marks,  D.  G.,  Lieiit.-Col. 
Mawdslky,  W.  H. 
Marryatt,  Cyril  S. 
MacDoxxell,  W.  H.  a.   (killod 
in  action). 

MacKexzie,  I).  C,  Lieut. 
Mi^RIDE,  W.  J.,  Capt.,  M.C. 
M'Bryde,  Jas.  (killed  in  action). 
M*Callum,  N.  S.  Kellie. 
M'Padden,  J.  C. 
Mickle,    Kenxeth    a.,   Capt.. 

n.S.O.  (died  of  ^as). 
MiLLETT,  Bert. 
Moore,     R.     Ixoram,     Capt.. 

D.S.O.  (kill.'d  in  action). 
Morris,  A.  C. 
MuLLiGAX.  E.  X.,  Major. 
Moore,  K.  Byron,  Lieut. 
Nicholas,  F.  H.,  MM. 
Newmax.  J.  Malcolm. 
Osborne,  G.  W. 

I*EAR80N,  H.  F. 

T'kat,  James  (killed  in  action). 
I'kberdy,  J.  R. 
Pethebridge,    H.    S.,    Lieut., 

M.r. 

Plant,  ii.  I£.  1). 
RABLiNf;,  Harold. 
JiOBERTS,  W.  J. 

Rose,  W.  J.,  Capt.,  M.C. 
l:o,H,  C.  N. 

iir  IHKRKORD,  A.    \i 


— conUnned. 

Ki'THERroRD,    T.  W.  L.,    Capt., 

M.(\ 
Rae,  Cecil,  Lieut. -Col. 
Sayer,  AV.  T.  (killed  in  action). 
Seale.  H.  V. 
Shaw,  J.  B.,  Lieut.,  M.C. 
Skerritt,  A.  W. 
Smith,  H.  Hardy. 
Smith,  R.  S. 
Smith,    AV.    F.,  Lieut,   (killed  in 

action). 
Smith,  E. 

Southon,  R.  D.,  M.C. 
Sweet,  0.  G. 

Tandy,  A.  E.  (killed  in  action). 
Taylor,  A.  S. 

Taylor,  E.  Foulkes,  Lieut. 
Townsend,  N. 

Tucker,  V.  (killed  in  action). 
Turner,  W.  A. 
Twine,  G.  J. 
Ulrich,  Gerard  A. 
Veitch,  Neil  A. 
Wallman,  H.  p.,  Lieut. 
Warde,    Harvey    S.    (killed   in 

action). 
Waters,  Professor  L).   B.,  Capt. 
Watts,  R.  T.  (killed  in  action). 
Wentworth,  D'Arcy. 
Weigall,  H.  S.,  Colonel 
Williams,  0.  B.,  Major,  M.C. 
WiLKiNS,  Lawrence  G.,  Lieut. 
Woodward,  O.  H.,  Capt.,  M.C. 

and   three  bars. 
VVniTFO,  J.  M.,   Lieut.,  M.C. 
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xri  MINUTES. 

OF   THE   EXECUTIVE   COMMITTEE. 


(Summary.) 

Feb.  27th,  1920—1  p.m. 

The  secretary's  report  was  adopted  and  accounts  to  the  amount 
of  £121  passed  for  payment. 

Mr.  J.  M.  Bridge  was  elected  to  a  casual  vacancy  on  the  Council. 

Committees  for  1920  were  appointed  as  follow  : — 

Publication  and  Education — Messrs.  H.  W.  Gepp,  H.  Herman, 
G.  C.  Klug,  C.  F.  Courtney,  Colin  Fraser,  G.  H.  Broome,  W.  E. 
Wain  Wright,  and  Professor  Skeats. 

Finance — Messrs.  George  AVeir,  A.  S.  Kenyon,  H.  Herman, 
and  Colin  Fraser. 

Branches — Messrs.  G.  H.  Broome,  R.  C.  Sticht,  G.  C.  Klug, 
George  Weir,  and  the  Chairman  of  each  Branch. 

Mine  Managers'  Certificates — G.  H.  Broome,  H.  Herman,  and 
A.  H.  Merrin. 

Estimates  for  1020  were  referred  to  the  Finance  Committee  to 
report  to  the  next  meeting. 

Nomination  of  Mr.  Joseph  Grigg  as  a  member  was  deferred  for 
fuller  particulars.     Nomination  of  Mr.  Joseph  Miller  was  approved. 

The  following  were  admitted  to  the  Institute  : — as  Members. — 
Messrs.  David  Aver>',  Joseph  Miller,  W.  J.  M'Bride,  and 
J.  R.  Poimd ;  transfer  from  Associate  Member  to  Member — 
Mr.  0.  B.  William^ ;  as  Associate  Members — Garnet  I.  Adcock, 
Norman  R.  Junner,  Herbert  J.  Robertson,  and  Milton  A. 
Williamson. 

Resignations  of  Me.ssrs.  H.  W.  Ford  and  T.  J.  Greenway  were 
accept<fd. 

The  death  of  Mr.  W.  ('.  F.  Rankin  was  reported,  and  a  minute 
of  .sympathy  recorded. 

A  letter  was  submitted  from  the  Institute  of  Science  and 
Industry  stating  that  it  would  be  pleased  to  arrange  for  the  mining 
industry  to  l>c  represented  on  any  committees  in  which  members 
of  the  Aust.  Inst.  .M.  and  M.  were  particularly  interested. 


MINUTES.  xvii 

The  action  of  the  Australian  Mines  and  Metals  Association  in 
dealing  with  a  circular  on  values  of  ore  reserves,  issued  by  a 
member  of  the  Adelaide  Stock  Exchange,  and  referred  to  the 
Association  by  the  Institute,  was  approved. 

Location  of  tlie  First  Ordinary  Meeting  19:^0  was  referred  to 
the  Branches  Committee  for  report  to  the  next  meetincj  of  the 
Executive  Committee. 

A  reconnnendatioii  was  leceived  from  the  Mount  Moigan  Branch 
that  the  Institute  advocate  the  adoption  of  the  metric  system. 


March  21tTU.   H>i>0— 1  p.m. 

The  .Secretarvs  leport  was  adopted,  and  accounts  to  the 
amount  of  £00  passed  for  payment. 

Resolved  tliat  £'250  worth  of  Commonwealtli  Bonds  be  purchased. 

Nominations  as  follow  were  submitted  and  approved  : — As 
Members— Messrs.  Joseph  CJrigg  and  Alex.  Robert  Graham;  as 
Associate  Member — Mr.  Harry  Vernon  Petliebridge  ;  as  Student — 
Mr.   .John    Alexander   Dunn. 

Resignation  of  Mr.  D'Arcy  AVentwoitli  was  accepted  with  regret. 

Deaths  of  Arthur  E.  Tandy  (Lieut.),  killed  in  action  at  the 
Front,  and  of  Douglas  (J.  Marks  (Lieut. -Col.),  drowned  whilst 
attempting  to  rescue  a  bather  in  distress,  were  reported. 

Report  of  Publication  Committee  was  submitted  and  adopted. 

The  C[uestion  of  the  best  ])urpose  to  wliich  Mr.  J.  ^^'.  Suther- 
land's donation  of  fifty  guineas  could  be  devoted  was  further 
considered,  and  it  was  leported  that  suggestions  thereon  had 
been   invited  from  all  meml)ers  of  Council. 

A  lett^-r  was  submitted  from  ^li-.  C.  II.  Blakemore.  accom- 
panied l>y  a  che(}ue  for  £")0.  for  the  same  ))ur])ose  as  Mr.  Suther- 
land's donation.  A  hearty  vote  of  thanks  was  accorded  Mi-. 
Blakemore  on  behalf  of  the  Institute.  It  was  resolved  that  a 
decision  regardi)ig  the  allocation  of  this  fund  be  deferred  pending 
receipt  of  furthei"  suggestions  from  members  of  Council. 

Rj'solved  that  an  address  of  welcome  be  presented  to  H.lMl. 
the  Prince  of  Wales  upon  the  occasion  of  his  visit  to  Australia. 


XTlil  KOTICKS. 

NOTICES. 

Tt«   room*  of  Ihe   Institute  »r«  open    from  'J  a.m.    lo  5  p.m.  tUily,  except  Sundays  and 


MOVEMENTS   OF   MEMBERS. 


A.  F.  S.  Anderson  has  rotunicd  from  Nanitu,  Northern  Shan 
StaU\s,  Burma,  and  is  now  at  New  Norfolk.  Tasmania. 

W.  T.  Anderson  (Lieut.),  wlio  enlisted  in  December,  1914, 
and  sailed  with  the  Mining  Corps,  returned  to  Australia  on  14th 
December,  1919.  Whilst  in  Great  Britain  ho  liad  10  months' 
experience  in  open-hearth  steel  furnace  work  with  John  Lvsaght 
and  iSon."*.  He  was  also  with  the  Stelton  Iron  and  Steel  Co., 
David  Colville  and  Sons,  and  William  Beardmore  and  Co. 

H.  Wheeler  Brown  returned  from  active  service  on  24th 
November,  1919,  and  is  now  on  the  staff  of  the  Broken  Hill  Pro- 
prietary Co.  at  Hummock  Hill,  S.A. 

Percy  Burbridge  returned  to  Australia  from  active  service 
in  France  in  1919,  and  is  at  present  on  the  staff  of  the  Mount 
Elliott  To.,  SelwNTi,  North  Queensland.  Prior  to  enlisting  he  was 
at   the   Mount  Shamrock   mine,  Mount  Shamrock,  Queensland. 

W.  R.  Caithness  is  now  located  at  2")?  Clarence-street,  Sydney, 
N.8.W. 

A.  G.  Campbell  (Capt.)  has  been  appointed  to  a  position  on 
the  staff  of  the  Burma  Mines  Ltd.,  Namtu,  Northern  Shan  States, 
I'pper  Burma. 

NoKL  Carlehs  returned  from  active  service  in  France  in 
Decendier,  1919,  and  is  at  {)reKent  at  his  home,  Walney  House, 
Waihi,  N.Z. 

Walter  Colley  has  accepted  an  appointment  with  the  State 
Smelters  at  Chillagoe,  Queensland. 

Basil  G.  Dl'nstan  haa  Ijeen  appointed  manager  of  the  Aus- 
tralian  State   Quarries,    Willunga,   S.A. 

J.  B.  Fabrikant  is  now  in  America,  occupying  the  position  of 
rhemiJit  at  the  Great  Falls  plant  of  the  Anaconda  Copper  Mining 
Co. 


NOTICES.  XIX 

John  S.  Foxall  returned  from  active  service  with  the  A.I.F. 
on  28th  August  last.  He  was  with  the  First  Tunnelling  Company 
in  France  and  Belgium,  and  has  resumed  his  former  position  as 
survevor  on  the  Sons  of  Gwalia  mine,  Gwalia.  W.A. 

F.  H.  Hooper  has  returned  from  active  service  with  the  A.I.F., 
and  Ls  now  in  his  former  position  with  the  Broken  Hill  Block  14 
Co.,  at  Broken  Hill. 

Eric  \V.  Hughes  expects  to  return  to  Australia  in  June  or 
July  of  this  year.  After  serving  with  the  A.I.F..  he  won  one  of 
the  Soldier  Scholarships  presented  by  Mr.  Otto  Beit,  and  has 
been  studving  at  the  Royal  School  of  Mines  at  South  Kensington. 

Arthur  Jarmax.  formerly  with  the  Waihi  Grand  Jimction 
Co.,  Waihi,  X.Z..  is  now  engaged  in  construction  work  at 
Berkeley,  Cal.  His  address  is  1001  Spruce-street,  Berkeley,  Cal., 
U.S.A. 

John  F.  Key  has  returned  to  Australia  after  serving  with  the 
A.I.F.  He  is  at  present  on  the  staff  of  the  British  mine  at 
Broken  Hill. 

Wm.  J.  Lakeland  (Major),  writing  from  Bagdad,  Mesopotamia, 
on  29th  Februaiy.  states  that  he  expectv*?  to  be  demobilized  in  a 
few  days.  HLs  address  will  then  be  care  Burma  Finance  and 
Mining  Co.,    10   Phayrc-street,   Rangoon,   Burma. 

Keith  B.  Lewis  (Lieut.)  returned  from  active  service  with  the 
A.I.F.  on  11th  September,  1019.  He  enlisted  in  January,  1915, 
and  sailed  with  the  22nd  Battalion.  He  was  invalided  home  in 
1916,  and  after  three  months  returned  to  the  Front  with  the 
Second  Tunnelling  Company. 

Reginald  K.  Marshall  has  been  transferred  from  Adelaide 
to  the  (entral   mine  at  Broken  Hill. 

J.  F.  M'Padden  has  resumed  his  position  as  director  of  the 
R«.'efton  School  of  Mines,  N.Z.,  after  a  period  of  active  seivice  in 
France. 

Karl  Bykon  .Mookf  (Lieut.)  returned  from  active  service  last 
year,  and  Ls  now  on  the  staff  of  the  Electrolytic  Zinc  Co.  of  Aus- 
tralia  in   Melbourne. 


XX  NOTICKS. 

V.  H.  \\.  MriutAY  lias  Immmi  apitointinl  undergrouiul  inaiuitror 
of  the  Goltlrn   Horseshoe  Estates  Co.,  Boulder,  W.A. 

H.  V.  l*KTHKitRiiK;K  (Lieut.).  who  was  for  some  years  on  active 
service,  is  now  on  tlie  staff  of  the  Klectrolytie  Zinc  (\).  of  Australia 
ftt  Ristlon,  Tasmania. 

H.  (*.  KoiisoN  has  resij^ned  from  the  position  of  smelter  super- 
int4Mulent  at  the  Spassky  Copper  Mines  Ltd.,  Siberia.  His 
adtin'ss  now  is  **  SHverdale.'"    Penzance,   Cornwall,   Fingland. 

J.  H.  Shaw  (Lieut.).  Al.C.  enlisted  in  the  A.LF.  in  August, 
l'.»I<).  and  wjis  attached  to  the  Third  Australian  Tunnelling  Co. 
He  returned  to  Aitstralia  on   l")th  December,   1919. 

H.  Frank  Shkpmkrd.  late  of  Thames,  X.Z.,  is  now  manager 
f  the  Hauraki  Mines.  Conmiandel,  N.Z. 

K.  T.  Slek  lia.s  lK»en  ap])ointfd  manager  of  the  Broken  Hill 
Proprietary  Co.  at    Broken    Hill,   N.S.W. 

ArcirsTi'.s  Taylor  enlisted  with  the  A.LF.  in  1915,  and 
i«'e«*ntlv  returned  to  .\ustralia.  He  is  at  present  on  the  staff  of 
th«'  <i«'ological  Survey  Department.  Sydney,  N.S.W. 

RrpERT  .M.  Vaituhan,  recently  with  the  Briseis  Tin  and  General 
^lining  Co..  Derby,  Tasmania,  has  sailed  for  England.  His 
adilrefw  ift  Meltr>n  Bryon   Rectory,  Woburn,  Beds.,  England. 

D'Arc'v  Wkntworth  returned  from  active  service  in  June, 
M.tl'.*.  arui  !•<  now  in  Sydnev. 

.\.  S.  WixTKR.  late  of  Nymagee.  i>>  now  at  the  C.S.A.  Mines 
Ltd..  (obar,  N.S.W. 

Olivfr  K.  \Vcm)I>wari>  (Capt.),  who  recently  rc*urned  after 
3}  yparn'  a^-tive  nervire,  has  aceepted  a  position  on  the  general 
nuinafrfr'.H  ntafT  of  the  Broken  Hill  Associated  Smelters  at  Port 
I':.'  Prior  to  enli.sting  lie  was  in  the  metallurgical  department 
of  the  .Mount  Morjjan  (!..M.  Co. 

oHirrARY. 

Hbvrt  E.  Hammki.  (Lieut.)  han  been  reported  killed  m  action 
in  France  on  22nd  .May,   I91H.     He  was  an  associate  member  of 
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tlie  Institute.  In  1913  lie  was  on  the  staff  of  the  Great  Fitzroy 
Mines  Ltd.,  Mt.  Clialniers,  Queensland,  and  later  with  the  .Mount 
Morgan  Co. 

Douglas  O.  Marks  was  drowned  at  Palm  Beach.  Svdn».'\ ,  on 
25th  Januarv,  1U20,  in  a  gallant  attempt  to  rescue  a  father  in 
distress.  He  served  with  distinction  at  the  Front,  and  attained 
the  rank  of  Lieut. -Colonel.  He  was  a  student-member  of  the 
Institute. 

W.  V.  Smith,  student,  late  of  the  Charters  Towers  School  of 
Mines,  has  l>een  reported  killed  in  action  during  19 IS. 

Arthur  E.  Tandy. — Word  has  come  to  hand  that  Arthur  E. 
Tandy  Avas  killed  in  action  in  France  on  2nd  April.  191S.  He 
was  an  associate  member  of  the  Institute,  and  his  home  was  at 
^'  Glen  Rowan,"  Wai  reemba-road,  Abbotsford,  N.8.W. 

MEMBERSHIP. 

Since  the  last  issue  of  Proceedings  the  following  have  been 
admitted  if)  the  Institute  :  — 

Members. 
Avery,  David.  Collins  House,  Melbourne,  Vic. 
Miller,  Joseph,  Story's  Creek,  Tas. 

M'Bride,  AVm.  John.  Broken  Hill  South  Ltd..  Broken  Hill.  X.S.W. 
Pound,  James  Robert,  School  of  .Mines,   Ballarat.  Vic. 

TrfDisfer  j'r(nn   Associate  Member  to   Mem-ber. 
WiLLi.AMs.  OwKN  Bkresford.   lilock  10  Mine.  I^rokcn  Hill.  X.S.W. 

Associate  Members. 
Adcock.  (iARNET  Inc.vmells,  Ruthcrglcn,  Vic. 
Jt'nner.  Norman  Ross,  School  of  Mines.   Ballarat,  Vic 
Rohertson.   IfKRitEFrr   J.VMEs.  .Innction  North   P)rnk('ii    Hill   Mine, 

Broken   Hill.  N.S.W. 
WiLLiA.M.soN.  .Milton  .Vrthik.  Junction  North   l>rok«n   Hill  .Mine, 
Broken  Hill.  N.S.W. 

Stmienf. 

Dunn,  John  Alexander,   Bendigo  Amalgamated  Goldfields  N.L., 
Bendigo,  Vic. 


»xu  NOTICKS. 

Applioatioius  for  admission  to  the  Institute  have  been  received 
from  the  following  : — As  Members — Messrs.  AVilliam  Horace 
Campbell,  Associated  Smelters,  Port  Tirie,  S.A.;  Josiah  Crabb, 
Southeni  Cross,  W.A.;  George  Dey,  Associated  Smelters,  Port 
Pirir,  S.A.;  Alexander  Robert  Graham,  State  Coal  Mine, 
Wonthaggi,  Vic;  Joseph  Griug,  Pahang  Consolidated  Mines, 
Suugei  Lembing,  F.M.S.;  Ernest  Kingsbury  Hall,  Jmiction  North 
Mine,  Broken  Hill,  X.S.W.;  Carl  Sidney  Horman,  Kalgoorlie, 
W'.A.;  Arthur  Francis  HosKiNG,Beaconsfield,Tas.;  EdricNoel 
Mulugan.  Svdnev,  X.S.^V.:  Peter  James  Walsh,  Associated 
5^melters,  Port  Pirie,  S.A.,  and  Douglas  de  C.  Wilson,  Junction 
North  Mine,  Broken  Hill,  N.S.W.  Transfer  Associate  Member  t(^ 
M'-mber — Messrs.  John  M.  Bridge,  Zinc  Corporation  Ltd.,  Broken 
Hill,  N.S.W. ;  Alex.  D.  Mackay,  Melbourne,  Vic,  and  David  N. 
MoRisoN,  Newcastle,  N.S.W.  As  Associate  Members — Messrs. Ralph 
\  .  Berriman,  Prospect,  S.A.;  Hubert  Henry  Carroll,  Mount 
hyell  M.  andR.  Co.,  Gormanston,  Tas.;  Francis  Henry  Hooper, 
Block  U  Co.,  Broken  Hill,  N.S.AV.;  Carl  Josef  Linz,  Broken  Hill 
South  Ltd.,  Broken  Hill,  N.S.W.;  Harry  Vernon  Pethebridge, 
Klectrolytic  Zinc  Co.  of  Australia,  Hobart,  Tas.;  Frederick  Albert 
HuFUS,  Block  10  Co.,  Broken  Hill,  N.S.W.;  Arthur  Howard 
Swan,  Zinc  Corporation  Ltd.,  Broken  Hill,  N.S.W.,  and  Montague 
Lewis  Warren,  Associated  Smelters,  Port  Pirie,   S.A. 

first  ordinary  meeting,  1920. 

Arrangfments  are   being  made  for  holding  the  Fii*st  Ordinary 

M.-ptint:.  P)20,  at  Port  Pirie  and  Wallaroo,  S.A.     The  Broken  Hill 

'-    H    ,uu\  Smelters  and  the    Wallaroo   and   Moonta   Mining  and 

g  Co.  have  sent   a  cordial   invitation  to  the    Institute  to 

viflit  and  iiwpcct  their  works.     A  most  interesting  and  instructive 

visit  i«,  therefore,  assured.     A  progrannne  will  shortly  be  issued, 

^ut  in  the  meantime  meml)er8  are  advised  to  niak«'  airangements 

h\i'  them  to  take  part   in   the  excursion.     Concessions   in 

^  will  \u'  arranged  and  hottd  accominodaticjii  secur<  d 

•I  ii'M  j<.  .li  I'-M  to  tlir  Secn^tarv.     Tlio    j)artv   will   most  probaliK" 

1' avo    \d«-]Hnb'  <•?)   NTnnday,  lOth  August. 
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PUBLICATIONS. 

Papers  included  in  this  issue  are  : — 
*'  Notes  on  the  Work  of    an  Australian  Tunnelling  Company  in 

France,"  by  0.  H.  Woodward. 
"  Some  Controlling  Factors  in  Flotation,"  by  Ralph  D.  Nevett. 
"  Isometric  Mine  Plans."  by  H.  Edward  Clayton  ;  discussion  by 

J.  8.  Foxall. 

DONATIONS. 

As  announced  in  the  Annual  Report  of  the  Coimcil,  Mr.  J.  W. 
Sutherland  (Member  of  Coimcil)  generoiisl}-  placed  in  the  hands 
of  the  Council  the  sum  of  fifty  guineas  to  be  used  at  the  discretion 
of  the  Council  for  the  purpose  of  encouraging  students  in  mining 
and  metallurgy'  by  means  of  prizes  or  medals  or  to  help  forward 
any  of  the  other  objects  of  the  Institute.  The  Publication  and 
Education  Committee  has  been  deputed  to  give  effect  to  Mr. 
Sutherland's  wishes.  Following  Mr.  Sutherland's  example,  Messrs. 
G.  H.  Blakemore  and  W.  E.  Wainwright  (Members  of  Council) 
have  each  forwarded  che(pies  for  £.")()  for  a  similar  purpose. 
Tlie  Council  desires,  on  behalf  of  members,  to  express  its  thanks 
and  appreciation  for  these  generous  donations. 

EMPLOYMENT   REGISTER. 

The  Employment  Register,  inaugurated  in  1917,  has  been  of 
considerable  assistance  in  securing  positions  for  members. 
Members  desiring  engagement  are  requested  to  forward  to  the 
Secretary,  for  filing,  full  particulars  of  their  qualifications  and 
experience,  copies  of  references,  and  the  class  of  engagement  they 
desire. 

ELECTION  TO  COUNCIL. 

Mr.  J.  M.  Bridge,  hon.  secretary  of  the  Broken  Hill  branch,  has 
recently   been  elected  a  member  of  Council. 

INSTITUTE   OF   SCIENCE   AND    INDUSTRY. 

The  Institute  of  Science  and  Industry  has  notified  the  Aust. 
Inst.  M.  and  M.  that  it  will  be  pleased  to  arrange  for  the  mining 
industry  to  be  represented  on  any  committees  in  which  members 
of  the  Aust.  Inst.  M.  and  M.  are  particularly  interested. 


i.\..  NOTICKS. 

NEW   CONSTITUTION. 

The  tiiial  draft  of  the  now  constitution  will  shortly  be  issued 
to  meinlHjrs  for  ballot.  Members  are  advised  to  make  themselves 
conversant  with  the  clauses  therein.  The  final  draft  will  differ 
in  onlv  a  few  minor  points  from  the  copy  already  in  the  hands 
of  memliers. 

ANNUAL   SUBSCRIPTIONS. 

All  niemlnM-s.  associate  membei's  and  students  imder  tlie  present 
constitution  will  autonuitically  be  transferred  to  a  similar  grade 
under  the  new  constitution  when  adopted,  but  only  on  payment 
of  arrears  of  subscription,  if  any.  The  Council  trusts,  however, 
that  no  exclusions  will  be  necessary  on  this  accoimt,  but  this 
rests  entirely  with  niembers  themselves. 
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LIST    OF    PUBLICATIONS    ADDED    TO    THE    LIBRARY 
From  31st  December.  1919  to  31st  March,  1920. 


Australian  Mining  and  Engineering  RevicNr  monthly  - 
Industrial  Australian  &  Mining  Standard-  weekly  - 
Engineering  and  Mining  Journal  -  -     weekly 

Iron  and  Coal  Trades  Review  -  -     weekly 

Mining  and  Engineering  World     -  -     weekly 

Mining  Magazine  -  -  -     monthly  - 

Indian  Engineering  -  -  -     weekly 

Chemical  News      -  .  -  -     weekly     - 

South  African  Engineering  -  -     monthly  - 

Journal  of    Industrial    and    Ihigineering 

Chemistry  -  -  -     monthly   - 

Society  of  Chemical  Industry  :  Journal  -  bi-monthly 
Chemical,  Metallurgical  and  Mining  Society 

of  South  Africa  :  Journal       -  -     monthly  - 

Franklin  Institute  :  Journal  -  -     bi-monthly 

Institution  of  Mechanical  Engineers  :  Journal  monthly 
Chamber  of  Mines  of  Western  Australia  : 

Journal  .  .  .  _    quarterly  - 

The  West  Australian  Mining,  Building  and 

Engineering  Journal  -  -  -     weekly 

Queensland  Department  of  Mines  : 

Government  Mining  Journal  -  -     monthly  - 

Transvaal  Chamber  of  Mines  : 

Monthly  Analysis  of  Gold  Production 
Rhodesia  Chamber  of  Mines  : 

Report  of  Executive  -  -  -     monthly  - 

Inititute  of  Science  and  Industry  : 

Journal,  Vol.  I.,  Nos.  6-8  ;  Vol.  IL,  Nos.  1  and  2 
Bulletin,  No?.  1,  3,  7,  8  and  15 
Department  of  Mines,  Victoria :   Annual    Report,  1018 
Royal  Society  of  Victoria  : 

Proceedings,  Vol.  XXXIL,  Part  1     - 
Department  of  Mines,  New  South  Wales  : 

Annual  Heport,  r.>l« 
Royal  Society  of  Tasmania : 
Transactions,  Vol.  XLIII. 
Papers  and  Proceedings,  1910 


Melbourne 

Melbourne 

New  York 

London 

Chicago 

London 

Calcutta 

London 

London 

Easton,  Pa, 
London 

Johannesburg 

Philadelphia 

London 

Kalgoorlie 

Perth 

Brisbane 

Johannesburg 

Bulawayo 

Melbourne 
Melbourne 

Melbourne 

Sydney 

Hobart 
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\h\  arruieut  of  Mine?,  Ta«imani;i ; 

(ieoiogical  Snryej,  Uq»ort,  No.  8 

Mineral  Kosourccs,  No.  G 

I'.iillelins,  Nos.  30  and  T.l         - 
Nr\N  /.ealaiui  Journal  of  Sciemv  and  Teclinoloiry  : 

.louriial,  Vol.  III.,  No.  1         -  - 

In'itiiution  of  Mining  and  Metallurgy  : 

Uulletius  Nos.  181-184 
l«e.»!oi:ical  Society  :  Quarterly  .lournal,  Nos.  21)G  and  297 
<iet»l«»gisis' Assoi-iatioii  :  I'roceedings,  Vol.  XXX.,  Part  4 
In'^tiiution  nf  Mining  Engineer-  : 

Trausaciions,  V(.I.  [.VIIl.,  Part  1 
lieologicail  Survey  of  (ireat  Hritain  : 

SuiiMiiary  of  Progress.  1918    - 
(ieoiogica!  Institution  of  the  University  of  Upsala  : 

Bulletin,  Vol.  XVI..  19iy       -       '       - 
JSTerige."!  Geologiska  Undersokning  : 

!*uhlication8,  No*.  14- IG         -  - 

<»e<»l<»gical  Survey  of  InJia  : 

iJecords.  V«»l.  I..,   Parti  \)  and  \  - 

Mm  njj  and  (ieoiogical  Institute  of  India: 

Iransaciions,  Vol.  XIW,  Part  I 
L'.  J  ariment  of  Mint's,  Canada  : 

SunjMiary  He|M)rt  of  tlir  Mines  iJrantli,  ]  IM  S 

Produciionof  Coal  and  Coke  in  Canada  during  1918 

.\nnual     Keport    of    ilie    Mineral     Production    of 
Canaila,  1918 

Tlie    Pro.luction  of    Copj.er,   (Jold,    Lead,    Nickel 
Silver,  Zinc  and  ••thcr  Metals 
liup  aQ  of  Mines,  Ontario  : 

?«th  Annual  R€|H)rt,  Vol.  XX\III.,  Pan  1 
Auprcan  Institute  (.f  Mining  and  Metallurgical  Engineer.-^ 

Bulletin...  No-.  IfiO-l^M 
Caiif  rni*  Slmti?  Mining  Bureau  : 

Bolletin,  No.  80 

Sainnury   of    ()|KTation-,    California    Oil    Field.s, 
April  to  Oct.,  J1H!» 
In*titato  Gfologico  dc  Me.xico  : 

Aiinnle*.  Vol.  V.,  Nos.  8  and  9 
bef'artnifnt  of  Minec.  Mexico : 

Bulletin,  Vol.  Vlf.,  Nos.  0  and  G       - 


Hobart 

Wellington 

London 
London 
London 

London 

London 

L^psala 

Stockholm 

Calcutta 

Calcutta 


Ottawa 
Toronto 

New  York 

Sacramento 
Mexico 
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RECENT    ARTICLES    ON     MINING     MATTERS. 

(Slst  December,  1911>,  to  3lst  March,  1920). 

Note. — This  li^t  ii  prepared  for  the  purpose  of  placing  before  menibera  the 
titles  of  the  more  importayit  papers  appearing  in  the  usual  piihlicatiovs  concerned 
ufith  mining  engineering,  metallurgy^  ,\(\.  due  regard  being  had  to  Australasian 
requirements. 


LIST    OF    PUBLICATIONS. 


Hejertnce*  art  given  by  thf  nuuiber  prefixed  to 

mth., 

(1)  The  hid'iMrt'ii  Atistraiian  .(  Minin'j  Stan- 

dard,  Melbourne,  Victoria,  wk.,  6(1. 

(2)  T/tf  Queens' and  (ioremment  Mining  Jour- 

nal, Bri:*bane,  mth.,  fkl. 

(3)  MrtalLuT(tical  an'l   Chemical   Engineering, 

New  York,  mth.,  25c. 

(4)  The  Miniruj  Journal,  London,  E.G.,  wk., 

6d. 

(.5)  Mining  and  Engineerini  World,  Chicago, 
wk..  10c. 

(8)  The    Engineerini    and    Mining    Journal, 
New   York,  wk.,   15c. 

(7)  The    Coilieri/    Engineer,    Scranton,    Pa., 

U.S.A..   mtli..   20c. 

(8)  Mining  and  Seieniifir  Pres*,   San   Fran- 

cisco,  Cal.,  wk.,   10c. 

(tt)  Annates  des  Mimt,   I'arls,   France,  mtli. 

(10)  I'ublicatiuHS.  iX-nartniorit  of  Minc^,  Mel- 
Ixjurnc,  VictoriH. 

(11;  I'liblicalions,      Di'jKiftment      of      Minos, 
Syriney,  .  ew  .South  Wales. 

(12i  Publications,  Department  of  Mines,  Ade- 
laide.  South    .\u-tralia. 

(13i  Publications,  iJepartimnt  of  Mine-.  Uru- 
I'.Ti:'-,  Queensland. 


(14)  Publiciilions,      l>epartniont      of 
Perth.   Western  Australia. 


Mines, 
Mines, 


(15i   Publications,      l>opartnicnl      of 
Iluhart,  Tasmania. 

(16;   Publication*,  iieoloj^ical  Survey,  Canada, 
Ottawa.  Ontario. 

(17)  Publication$,  Bureau  of  Mines,  Toronto, 

Ontario. 

(18)  Publicationt,  (Jeoloeical  Survey  of  India, 

Calcutta. 

(10)   Puhlicitions,   (JeoloKieal    Survey,    r.S..A., 
Washington. 

•.ill)   Publicaiiotis,  (ieolo^ical  Survey,  Alabama, 
Montjjomery.  .\la. 

(•Jl)   PHblicatim':.      Californl.i     St.ite     Mining 
Bureau,   Sarraietrato.  Cal. 


each  publication  in  the  attached  lint,     IVk.,  tcesklf/ 
monthly. 

(22)  PKCfiorts     Aust.     Assoc.     Adv.      Science, 
Sydney,  Xcw  South  Wale*. 

(2.{)   Transactions  and  Procc^  ling*.   New  Zea- 
land Inst.,  Wellin'^ton,  New  Zealand. 

(2-4)  Quarterly    Journal,     Geolojiical     Society, 
Jx)ndon. 

(25)  Transactions,    ln<\..    Mining    and    Metal- 

lurgy,   London,    K.C. 

(26)  Transactions,  In-t.  Min.   Eiik'..   London. 

(27)  Journal,  Canadian  .Mining  lu-t..  Ottawa, 

Ontario. 

(28)  Journal,  Chem.,  Min..  and   Met.  Soc.  of 

S.A..  Johannesburg,  Transvaal. 

(29)  Transactions,    .A.ni.    Inst,  of  Min.  A  Mat. 

Eng.,  New    York   City. 

(30)  Proceedings,     Colorailo     Scientific     Soc., 

]>envcr.  Col. 

(31)  Journal,  Franklin  In-t..  Philadelphia,  Pa. 

(32)  Australian   Mining  and  Engineering   R»- 

rieu-,  .Melbourne,  Vic,  mth..  6d. 

(33)  Transactions,  Am.  Soe.  C.E..  Now   York 

City. 

(34)  UuUetins,   Societ(''   de<    Ing^nieurs   Civil*, 

Pari".. 

(35)  Minih'i  Magazine.  819  Sallsburv   House. 

LoiKlon.   E.C..  mth..   Is. 

(36)  Publicationn,    Inm    and    Steel    Institute, 

London. 

(37)  Proce. dings,  In^t.  of  Mech.  Eng..  Loudon. 

(38)  Publications,   Field    Culumbiun   Mu^^um, 

Chicago.   U.S.A. 

(39)  Journal,  Mining  .Societv  of  Nova  Scotia, 

Halifax,  N.S. 

(40)  Transaction.*,  Mining  and   (Jeologieal   In- 

stitute of  India,  Calcutta. 

(41)  publications.  Department  of  Mine*.  Wel- 

lington. N.Z. 

(42)  Journal.  ChamU-r  of  Mine-  (if  West  Aut- 
tralia.  I'erth. 

(43)  Journal    of    Induttriai    and    Enjineering 
Chemistry,   Ea-^ton.    Pa. 
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LIST    OF    ARTICLES 
OBOIiOOICAL. 

Or*  D«>pa«its  of  Utah.     B.  S.  Butl*r.     (fl)  Serial  commcuced  Oct.  11.  1919. 

Th«  Tuniptfn  Resources  o£  the  World.     F.  L.  Hess.     (G)  Nov.  1,  1919. 

Th*  Petn>lrain  Resources  of  tho  World.    J.  D.  Northrop.     (6)  Dec.  '27,  1919. 


IIET,\LLUBGICAL. 

Hw  Uju"     •  V     •hylaniiu  and  Xylidin  in  Flotation.     E.  H.  Robie.     (fl)  Nov.  1,  1019. 

Dlflttvn  'ion  01  Zinc-L»^ad  Sulphides  Improved  bv  Metallizing  the  Blende.     (6)  Dec. 

27.  .... 
notation  *t  Pitcher.  Dkla.     V.  Lott.     (6)  Dec.  27,  1919. 

Ka-    '  ' "  ■♦ion  of  Sil\-er  in  Cyanide  Solutions.    J.  E.  Clennell.     (6)  Nov.  8  and  16,  1919, 

Pr-  ng  at  Tonopah.     O.  J.  Young.     (6)  Dec.  13  and  20,  1919. 

C«'  n.  .ii  Precipitation  Process  in  Japan.    R.  Hirota  and  K.  Shiga.    (6)  Dec.  18  and 
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•"  '    Id  Mining  Co.  Mill  and  Treatment  Plant  at  Circular  Shaft.     E.  M.  Westoa. 

ores.     c.   Hall.     (8)  Nov.  15,  1919. 
inpling.     H.  R.  Slecman.     (8)  Nov.  15,  1919. 
li.Mi  Flotation.     James  Hebbard.     (8)  Nov.  22.  1919. 
■I.     U.  Stcven-s.     (8)  Nov.  22,  1919. 

I  I  y  the  llorwood  Process.     Wm.  Motherwell.     (S)  Nov.  29,  1919. 
1  of  I'latinuui  in  Placer  Mining.     K.  C.  Laylander.     (8)  Dec.  20,  1919. 
r..i'l  .Mills.     H.  Hanson.     (8)  Jan.  3,  1920. 

U.  R.  I.ayng.     (8)  Jan.  17,  1920. 
atlon  of  Low-Grado  Quicksilver  Ore.     E.  G.  Stowcll  and  W.  H.  CoghiU.     (8) 


Bemtcr 

AmalfamatloD, 
The  Pmnanc- 
iBtrritUnjc  } 
M.  L   1. 
The  I)rt«rml 

AM  Uttu^w-. 
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flapanUat  ^ 

MECHA^  - 

JarkiMn 

McrtMftl 

Kfllanr    , 


•   Design.    O.  E.  Jager.     (8)  Serial  commenced  Jan.  31,  1920. 
lis.     P.  Argall.     (8)   Feb.   14,  1920. 
:-.Mill  J'racti<v.     C.  Lindley.     (8)  Feb.  14.  1920. 
th-  Study  of  Flotation.     H.  L.  Sulman.     (25)  Bull.  No.  182. 

'    uinuTcial  Application  and  Its  Influence  on  Modem  Concentration  and 
W.    Broadridge.     (25)    Bull.    No.    184. 
I  I'hy-ical  and  Chemical  Properties  of  Copper.    F.  L.  Antisell.     (29)  Bull.  No. 

'  '-  -    Vikcl  Alloys.     T.  D.  Yersen.     (29)  Bull.  Xo.   157. 

i-r  Tr-ating  Copi)or  Slag  at  Anaconda.     F.  Laist  and  H.  J.  Maguire. 

with  Special  Rrfercncc  to  Steaming.     (28)  Nov.,  1919. 

•     "  *■     !  f..r  Topper.     L.  F.  Clark.     (43)  Dec,  1919. 

'  l{'  fractorics  in  the  Iron  and  Steel  Industry.     C.  E.  Nesbit  and 
.   1«19. 

II  by  the  Coppcr-Ammonia-Ammonium  Chloride  Reagent.     W.  L. 

M  cvani.ie  Solutioas.     H.  A.  White.     (28)  Dec,  1919. 
'h«-  Treatment  of  Gold  Ore.     B.  L.Gardlncr.     (28)  Jan.,  1920. 
A.  O.  Wolf.     (6)  Feb.  7,  1920. 
....   •  icm  Parinc  toast  Sands.     II.  E.  Wood.     (6)  Feb.  7,  1920. 


I>rJIU  In  Wllwalcnjrand  Mines.     E.  M.  Weston.     (6)  Feb.  7,  1920. 
>i{  In   MJniriK  jind   MftaJlurgy.     H.   E.   West.     (6)  Feb.  7,   1920. 
A.    G.    W.,|f.      («,    K,l,.    7.    i9'20. 


MIMNO. 

■UwlaH  Ct»al«  Un  M<tal  Mlnci.    C.  A.  Mitkf.     (6)  Nov.  8  and  15,  1919. 

I-.     !  i»»...«.  .1  ......i.,jj  ,t  1,^  Herraan  Mine.     S.  H.  Brockunlcr.     (0)  Dec.  6,  1919. 

iUiaaji.     H.   Drullard.     (6)  Jan.  2.  1920. 
•-  "    •  »wl»Tground   L'w.     A.   M.  Gow.     («)  Jan.   31,  1920. 

"*  "^  '>'»    '»"*  Far  Eaiit  Rand.     I..  W.  Maccr.     (2H)  Oct.,  1919. 


LIBRAKV.  XXIX 


MISCKLLANEOUS. 


The  GoM   Situation.     Joliii  Clau^'^n.     (6)   Oct.  I.'*,   1919. 

Kami  Ore  Re^^rvcs.     A.  C   Key.     (6)  Nov.   1,  1910. 

Notrs  «»n  Final   Report  of  the  South  Atrican  MiinT^'  IMifhi-i-   Prevention  Coininittee.     E.   M. 

Weston.     (0)   Dec.  27.   1919. 
Hie  Gold  Mining  Problem.     (6)  Nov.  S  an-l  15.  1919. 

Ore  Contract.-;.     C.  A.  (irahill.     (6)  Serial  conMueneed  Nov.  22  :i;id  29,  1919. 
Mine  Bookkeeping,     f".   B.    Holnies.     (0)  Jan.  3.  1920. 
The  Banker  and  the  Mining  Prolilom.     (6)  Jan.  10,  1920. 
riie  Econoiiii-t  and  the  Gold-Mining  l»rol)lcui.     (6)  Jan.  .31.   1920. 
Sliort  Cuts  in  Mine  Surv  ying.     1>.  Watennan.     (8)  Nov.  22,  1919. 
Minerals  Separation  r.  Mining  Industry.     G.  L.  Nye.     (8)  IK^c.  13.  1019. 
A  C;alculator  for  Min.-  Valuation.     R.  B.  Hoffmann.     (8)  Doc.  27,  1919. 
Some  Pos>il)le  Causes    of    Discrepancies  B<^tweeu  Mine    anti  Buver->'  Weight-    m    'iold   Bars. 

H.    K.  S.   Wilkes.     (28)   Nov..   1919. 
A   Hi-tory  of  (Jold   Discoveries  in  We-f  Australia.     C.  M.  Harri;-.     (35)  Nov..  1919. 
Asbestos  in  the  Beacon-Held  l)i>trict.     A.   M'lntosh  Reid.     (15)  Geo!.  Sur^.  Report.  No.   S. 
The  Iron  Ore  Deposits  of  Tasmania.     W .  If.   J'wehetree^  ami  A    MTntosh  Reid      (15)  Mineral 

Resource-*.  No.  6. 
The   CJeologi-t   a-^   Kngineer.     i6)   Feli.   7.   1920. 


SUBSCRIPTIONS. 

Members  are  reminded  that  Subscriptions  for  1920 
are  now  due. 


GUIDE  TO  CONTRIBUTORS  OF  PAPERS. 


It  is  rctiucsteil  tlul  writint;  beconfinetl  to  one  side  of  the  paper  :  that  it  be  legible 
with  particular  care  reijarding  foreign  words;  and  that  abbreviations,  references,  &c.. 
be  made  in  accordance  with  the  subjoined  rules  and  examples: — 

Pounds,  shillings,  and  pence,  ;^  s.  d.  ;  dollars  and  cents,  $,  c. 

Grains,  gr.,  pennyweights,  dwt. ;  ounces,  oz.  ;  drachms,  dr.  :  pounds,  lb. 

Quarters,  qr.  ;  hundre<l weights,  cwt.;  gallons,  gal. 

Grammes,  grm.  ;  kilogrammes,  kg.  ;  millimetres,  mm.:  milligrammes,  mg. 

Centimetres,  cm.  :  cubic  centimetres,  cc. ;  metres,  m. 

Inches,  in. ;  feet.  ft. ;  yards,  yd.:  fathoms,  fath. 

Square  inches,  etc  ,  sq.  in. :  cubic  inches,  etc. ,  cub.  in. 

Diameter,  diam.;  revolutions,  rev.;  revolutions  per  minute,  r.p.m. 

Horse  power,  h. p.;  indicated  horse  power,  i.h.p.:  brake  horse  power,  b.h.p. 

Candle  power,  cp. 

Bnlish  thermal  units.  B.Th.U. 

High  pressure,  H.P.  :  low  pressure,  L.P. 

.^mjvere.  amp.:    kilowatts,  kw. 

Percentages.  %;  degrees,  ®  ;  specific  gravity,  sp.  gr. 

Company  Limited.  Co.  Ltd.;  and  Company,  &  Co. 

Temperatures  to  l>e  given  in  Fahrenheit,  thus  :   lo®  Fahr. 

Fiijures  not  exceeding  four,  unless  in  column  with  others  exceeding  four,  to  be 
without  comnui,  thus  :  1907. 

References  to  be  placed  in  foot-notes,  giving  title  in  italics,  thus  :  *Alfied  James. 
Cyanide  Practice,  p.  94  :  t  11.  iimwn.  Miiifs  mid  Afttierais.  vol.  xiii.,  ))■  13c;  J  Trans. 
Aust.  Imt.  Af.E.,  vol.  x,  pp.  98- 189. 

Quotations  to  be  indicated  by  inverted  commas,  and  when  lengthy,  to  be  set  in 
sai'.ler  ty|>e.  with  ijiverted  commas  .it  beginning  and  end  only.  I'Oreign  terms  to  be 
1-;  s  alic 

Localisms  to  be  in  inverted  commas  with  llicir  ordinary  technical  definition  in 
|«afenthcsu. 

Drawings  (on  tracing  cloth  if  possible),  photographs  (unmounted  glossy-surface 
bromide*)  or  other  glossy>surface  prints,  &c.,  both  for  exhibition  and  for  publication, 
are  most  desirable  with  almost  every  communication,  and  should  always  be  on  separate 
y*\€i  f'om  the  MS,  UUie-prints  only  to  be  forwaided  when  original  plans  or 
traang*  are  not  procurable.  When  reference  letters  are  used  in  drawings  for 
|yarpo«et  of  drkcnpticti.  they  are  best  thus  :  a  h  c,  etc.  Lettering  and  figuring  on 
drawiogt  should  be  large  to  allow  of  reduction  to  page  si/e  whenever  possible.  All 
Itnct  should  l*e  black  and  firm.        Each   drawing  should  be  accompanied  by  scale 
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MINUTES  OF  MEETIXGS. 


Of  the  Council. 


June  9th,   1920 — 1   p.m.   (Special  Meeting). 

Suggestions  from  members  in  regard  to  the  second  draft  of  the 
proposed  new  Constitution,  issued  early  in  the  year,  were  con- 
sidered. It  was  resolved  that  the  clauses  as  amended  be 
forwarded  to  all  members  of  Council  and  that  a  special  meeting 
of  the  Council  be  held  on  June  28th  to  receive  and,  if  approved, 
to  adopt  the  constitution  as  amended,  also  to  give  directions 
concerning  the  Issue  of  the  final  draft  and  the  date  of  the 
ballot  thereon. 

It  was  reported  that  the  Broken  Hill  Strike  was  still  pro- 
ceeding, and  that  there  was  no  present  prospect  of  its  early 
termination.  The  T'ouncil  therefore  resolved  that  the  pro[X)S(»d 
visit  to  Port  Pirie  and  to  Wallaroo  and  Moonta  be  postponed. 


XXX  ii  MINUTKS. 

Junk  2Sth,   Il>2(>— 1  p.m.     (Special  Meeting). 

Copv  of  the  final  draft  of  the  proposed  new  Constitution  was 
submit t4»d  and  adopted. 

The  draft  was  then  referred  to  the  Solicitor  for  report. 

OF   THE    EXECITIVE    COMMITTEE. 

(Summary.) 
Makch  27th.  IIU'O— 1   P.M. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £58  passed  for  payment. 

Applications  for  transfer  from  the  grade  of  Associate  Member 
from  Messrs.  A.  D.  Mackay  and  D.  N.  Morison  were  approved. 
Nomination  of  Mr.  Edric  N.  Mulligan  as  a  ^lemher  was  also 
approved. 

A  paper  by  Mr.  W.  H.  Mawdsley  entitled  "  Sulphuric  Acid  : 
The  Chamber  Process  under  Tropical  Conditions,"  was  submitted 
and  referred  to  the  Publication  Committee. 

A  donation  of  £50  by  Mr.  A\'.  E.  A\  ainwright  towards  the  fund 
inaugurat<?d  by  Messrs.  Sutherland  and  Blakemore  was  reported 
and  a  vote  of  thanks  accorded  Mr.  Wainwright.  A  decision 
regarding  aHocation  of  the  fund  was  deferred  pending  receipt  of 
further  suggestions  whi^li  were  expected  from  Members  of 
(Viuncil. 

Report  of  progress  in  connection  with  the  First  Ordinary 
Meeting  was  submitted. 

Othor  routific  business  was  transacted. 

May  LMth,  P.»20-  J   i.M. 

The  Secretarv^H  report  was  presented  and  accounts  to  the 
amount  of  £4  pa.s.sed  for  payment. 

Hf]y(}Tt  of  Annual  Meeting  of  Broken  Hill  Branch  containing 
Iwt  of  officers  elocted   was  submitt<;d  and   adopted. 

Nomination.H  as  follow  were  apjiroved  :  — 

Aj»  .MemlKTH— J.  M.  Bridge  (transfer  from  Associate  Member), 
E.    K.    Hall,   I)ougla.s  de  C.    Wilson  and    A.   F.    Hosking.      As 


MINLTES.  XXXDl 

Associate  Members — A.  H.  Swan,  C.  J.  Linz,  F.  H.  Hooper,  F.  A. 
Rufus,  H.  H.  Carroll  and  R.  V.  Berriman.  As  Students — W.  H. 
J.  Cropp,  H.  L.  Green  aud  R.  T.  H.  Dale. 

Reports  of  Mining  and  Metallurgical  Scholarships  and  Bursaries 
granted  were  submitted. 

A  paper  entitled  "  The  Geology  and  Ore  Deposits  of  the 
Walhalla-Woods  Point  Auriferous  Belt  "  by  Norman  Junner,  D.Sc, 
was  submitted  and  referred  to  the  Publication  Committee. 

Suggestions  in  reaard  to  the  final  draft  of  the  proposed  New 
Constitution  were  considered  and  further  consideration  deferred 
until  9th  June. 

Other  routine  business  was  transacted. 


June  28th,  1920—1  p.m. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £24  passed  for  payment. 

Nominations  as  follow  were  approved  : — 

As  Members — ^\ .  H.  Campbell,  Josiah  Crabb,  George  Dey, 
Victor  A.  Haigh  (transfer),  C.  S.  Honman,  Wm.  Parsonage,  G. 
Walls  and  P.  J.  Walsh.  As  Associate  Members — R.  G.  Casey, 
W.  R.  Broad,  G.  E.  Gabriel  and  R.  K.  Garnett.  As  Students— 
R.  A.  D.  Meikle  aud  Leo  P.  J.  Gibbons. 

Resignation  of  E.  A.  de  Lautour  was  accepted. 

Reports  re  Bursaries  and  Scholarships  awarded  by  the  Mining 
and  Metallurgical  Bursaries  Committee  were  submitted  and 
received. 

Suggestions  from  the  Broken  Hill  Biaiich  in  regard  to  the 
Institutes  Employment  Register  were  sul)mitted  and  copies  dis- 
tril)uted.  (oiisideration  was  deferred  in  order  that  Members 
miglit  make  suggestions  thereon  after  perusal. 

Paper  by  .Mr.  \j.  \' .  Waterhouse  entitled  "  Flotation  Practice 
at  Mount  Lyell,"  was  submitted  and  referred  to  the  IMiblication 
Committee. 

Mr.  W.  G.  Langford  was  appointed  l^ocal  Correspondent  for 
Pa[)ua. 


NOTICES. 

NOTICF.S. 

of  the   Institute  are  open    from  '.»  a.m.    to  5  p  m.    tlaily,  .'xcopt  Suiulays  and" 


.MEMliERSIIir. 

Since   tlio   ia:st   issue   of   Proceedings   tlio.   following   have    been 
admitted  to  the  Institute  :  — 

Members. 
Xamex  and  Addresses. 
H\LL,  Ernest  Kincsbl'ry,  Junction  North  Mine,  Broken  Hill,  N.S.W. 
HosKiXG.  Arthur  Francis,  Bcftconsfield,  T^^. 
MiLLiGAN,  Edric  Xoel.   University  G!::b,  Sydney,  N.S.W. 
WiLSOx,  Douglas  de  C'ourcy,  North  Mine,  Brok'^n  Hill,  N.S.W. 

Transfer  from  Associate  J.lemher  to  Member. 

Bridge,  John  M.\t'rice.  1  Kooyoni;  Road,  Armadale. 
Mackay,  Alexani>er  Di'DLEY,  4  Fawkner  Str.^et,  South  Yarra. 
MoRisoN,  David  N.,  Nowca-stlc,  N.S.W. 

Associate  Members. 

Carroll,  Hihekt  Hfnrv,  (Jornian.strm,  Ta.s. 
Hooper,  Fh.vxcis  Henry,  Block  U  Mine,  Broken  Hill,  N.S.W. 
Li!fz,  Carl  Josef,  Brokon  Hill  South  Ltd.,  Broken  Hill,  N.SW. 
RuFUs,  Frederick  Albert,  Block  H)  Mint-,  Broken  Hill,  N.S.W. 
SwAX.  Arthir  Howard,  Zinc  Corporation  Ltd.,  Broken  Hill,  N.S.W. 
Herriman,  Kali'H  VaI'ohan.  18  Daphne  Street,  Broken  Hill,  N.S.W. 

Stiidems. 

Cbopp.  \V.\lter  Henry  James,  Oo  Filloul  Street,  Dnrulin,  N.Z. 

Dale.  H<k:er  Thomas  Hilton,  47  Hiirrington  Street.  ]*ort  (Chalmers, 
NZ 

GiRitOMH.   Lko    1'     I      \V...t    Australian    Sdior)!   of   .Mines,    Kak'oorlie, 
W.A. 

Oreex,  Harold  Litchfield,  141  Ldth  Street,  DniKdin,  N.Z. 

Hopkins.  Johxh,  Broken  Hill  Aii.sociat^d  SmelterH,  Port  Pirie,  S.A. 

Meikle.  Robert  Alkxaxder  Redvers.  Dee  Stn^et,  Mount  MorL,'an,Q. 


NOTICES.  xxxir 

Applications  for  admission  to  the  Institute  have  been  received 
from  the  following: — ^As  Members — Lionel  Venn  Brown.  King 
Island  ;  William  Parsonage,  Rimanga,  Greymouth,  N.Z.,  and 
Goiders  AValls,  Devonport  West,  Tas.  Transfer,  Associate  ^Ieml)er 
to  Member — Messrs.  Victor  A.  Haigh,  Block  10  Mine,  Broken 
Hill,  N.S.W.  As  Associate  Members — ^^Villiam  T.  Anderson, 
"Clifton,"  Ben  Boyd  Road,  Neutral  Bay,  Sydney,  N.S.W.; 
Richard  G.  Casey,  125  William  Street,  Melbourne,  Vic;  A\'ilfred 
R.  Broad,  British  B.H.P  Co.,  Broken  Hill,  N.S.W.;  G.  Escott 
Gabriel,  327  Bromide  Street,  Broken  Hill,  N.S.W.;  Robert  K. 
Gamett,  554  Chappie  Street,  Broken  Hill,  N.S.W.;  Harold  F. 
Pearson,  388  Oxide  Street,  Broken  Hill,  N.S.W.  These  names 
are  now  submitted  to  members  for  confidential  report. 

FIRST   ORDINARY   MEETING,    1920. 

As  announced  by  Circular  No.  2  the  proposed  visit  to  Port 
Pirie  and  Wallaroo  and  Moonta  has  been  postponed  on  account 
of  the  continuance  of  the  strike  at  Broken  Hill.  Unless  the 
strike  terminates  at  an  early  date  it  is  probable  that  the  pro- 
posed visit  will  be  abandoned  altogether  this  year. 

PUBLICATIONS. 

Papers  included  in  this  i.ssue  are  : — 

Flotation  Practice  at  Mount  Lyell.      By  L.   \'.   W'at^rhouse,  B.K.  (Syd.), 

-Member. 
The  Recovery  of  Zinc  from  Lead  Blast-Furnace  Slags.     By  tJuy  Courtney. 

Sulphuric  Acid        Tlu"  Chamber  Process    under  Tropical  Conditions.     Uy 
\V.    H.   Mawdsley. 

Treatment  of  Hard  Water    for   I  urnacc  Jackets.      \'>y  A.  8.    Armstrong. 
NEW    CONSTITUTION. 

The  Memorandum  and  Articles  of  Association,  under  which  th<^ 
Institute  will  bo  incorporated,  are  ])eing  referred  to  the  solicitor 
prior  to  their  issue  to  members  for  ballot.  As  a  further  refer- 
ence to  members  for  suggestions  is  not  now  necessary  the  ballot 
wiH  take  place  as  soon  as  possible. 
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NOTICES. 


MINlNi;    .\Nl>    MKTAl.l.riUUCAL     BURSARIES. 

llie  Milling  ami  Mrtallurirical  Bursaries  Coiuniittec  reports  that 
the  foUowiiip  Srlu^larships  and  Bursaries  have  been  awarded   for 

rriirtTsity.  Nature  ol  Award. 

M..:..turiu'       ..     Scholarship  ill  Mining 

Scholarship  in  Mining 

Bursary  in  Metallurgy 

Bursary  in  Mctallurgy 

Bursary  in  i\Iining 

Bursary  in  Mining 
Sydney  . .     Scholarship  in  Metallurgy 

Bursary  in  Metallurgy 

Bursary  in  Mining 
Adelaide  ..     Scholarship  in  Mining 

Bursary  in  Mining 
The  Scholarship  awarded  to  H.  R.  Stafford  has  been  provided 
by  the  Cuck's  Pioneer  Gold  aiul  Tin  Mines,  N.L.,  on  its  mining 
pmperty  at  Eldorado,  Vic;  those  for  E.  G.  Boyd  and  C.  S. 
Kneebone  are  provided  by  the  Mount  Lyell  Mining  and  Railway 
Co.  Ltd.  at  its  mine  in  Tasnuxnia. 


Recipient. 
R.  B.  Lewis 
H.  R.  Stafford 
T.  W.  Tobe 
Wni.  E.  Cerutty 
(t.  v.  Lindesay  Clark 
G.  Keith  Allen 

E.  G.  Boyd 
Win.  M'Gregor 

F.  M.  Jefferson 
C.  S.  Kneebone 
W.  R.  G.  Colman 
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REPORTS    OF    BRANCHES. 

BROKEN    HILL    BBANCH. 

The  Annual   Meeting  of  the  Broken  Hill  Branch  was  held  on 
3rd  May,  Mr.  Andrew  Fairweather  in  the  chair. 

The    financial   statement  for  1910    was  read  and  adopted,  and 
the  foUowinf];  officers  elected  for  the  1920  session  :  — 
Chairman — Mr.  Andrew  Fairw^eather. 
Vice-Chair  man — Messrs.  C.  C.  Freeman  and  R.  T.  Slee. 
Hon.  Secretary —M^'  C.  H.  J.  Clayton.  4 

Hon.  Treasurer — Mr.  P.  H.  Warren. 
Hon.  Auditor — Mr.  G.  McI.  Hunter. 
Hmi.  Librarian— Mr.  Victor  A.  Haig. 

Committee— yiEssRS.  A.  S.  Clark,  J.  Ewart,  R.  D.  Xevett, 

AV.    1).   AVhitemax,    H.    Layers,   H.    E.  Garde,  X.  J. 

Roberts.    F.    X".    Thomas,   W.    B.    Chomley,    0.     B. 

AVilliams  and  E.  M.  Holder. 

Mr.   Molcsworth,   resident  lecturer   of   the  Workers'  Education 

Association,   explained  the  objects  and  scope  of  the    .Vssociation, 

and  suggested  afliliation  with  the  Branch.     No  action  was  taken. 


An  ordinary  meeting  of  the  Broken  Hill  Branch  was  held  on 
7th  June;,  when,  as  requested  by  the  Council,  suggestions  were 
formulated  in  regard  to  the  extension  of  the  Pimploymemt 
Register. 

A  pa[)er  entitled  '"The  Contract  Wage  System  for  Mines," 
by  A.  K.  Knickerbocker,  published  in  Bulletin  No.  ]^)'.\  of  the 
American  Institute  of  Mining  and  Metallurgical  Engineers,  was 
read  and  discussed. 


movements  of  members. 

Bernard   \'.  Barton  has  severed  his  connection  with  tlie  Seoul 
Mining  Co..  Ifolkol.  Korea,  and  is  at  present  in  Melbourne. 


xxwiM  UF.poirrs  OF  lutAsniKs. 

W.  B.  Blytli,  of  Rhodesia,  visited  Australia  leceiilly,  and  was 
in  Hobart  in  May  last. 

John  M.  Bridjie.  who  was  for  seven  years  in  charge  of  mining 
o|)erations  for  the  Zinc  Corporation  Ltd.,  Broken  Hill,  has 
hevw  ap|M>inted  engineer  in  charge  of  coal-winning  operations 
at   Morwell,    Victoria. 

C.  H.  J.  Clayton  is  now  underground  manager  of  the  Zinc 
Corporation's  Mine   at  Broken  Hill,  N.S.W. 

A.  Laccv  Court  has  returned  from  California,  and  is  now  on 
the  .staf!  of  the  Central  Mine,  Broken  Hill,   N.S.W. 

Alex.  J.  Dubois  (Capt.),  who  served  throughout  the  war,  has 
returned  to  civil  life  and  is  at  present  interested  in  tin  mining 
in  Cornwall. 

F.  F.  Espie,  late  of  Burma,  is  now  residing  at  Semaphore,  S.A. 

F.  W.  R.  Godden,  I^cal  Correspondent  for  W.A.,  and  for  some 
years  with  the  Ivanhoe  Gold  Corporation,  Boulder,  W.A.,  is  now 
manager  of  the  Hampton  Properties  Leases.  His  address  is 
Hampton  Properties  Ltd.,  Block  50,  Hampton  Plains,  W.A. . 

Norman  Junner  has  had  the  degree  of  D.Sc.  conferred  upon 
him  by  the  Melbourne  University.  He  sailed  for  England  on 
May  2Xth,  P.)20.  His  London  Address  is  c/o  Gold  Coast 
Geological  Survey,  Colonial  Ofhce,  Downing  Street,  Westminster, 
Ix)ndoi). 

C.  H.  Lawn,  of  StratfonL  Taranaki,  N.Z.,  lias  been  promoted 
to  the  position  of  Office  Kngineer  to  the  Taranaki  District  Ofhce 
of  the  N.Z.  I*u!)lic  Works  Department.  .Mr-.  Lawn  is  honorary 
aecn-tary  to  the  Taranaki  l>ranch  of  tli(>  X(^\v  Zealand  Society 
of  Civil  Knjfineers. 

H.  U.  Schlapp  left  Melbourne  in  .Junt;  on  a  visit  tr)  America. 
He  will  Ik*  ubroud  for  about  six  months. 

J.  V».  Shaw  arrived  in  J^ondon  early  in  .May,  and  is  engaged 
in  mf*talliirgical  work  on  behalf  of  the  Klectrolyti(;  Zinc  Company 
of  Australia. 

Vfti'SfVir  E.  W.  Skcats,  Member  of  Council,  sailed  for  London 
by  R.Mi^.  Orsova  on  2nd  June,  and  will  l)e  absc^nt  for  nine 
montk'<. 
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Gerard  A.  C.  Ulrich  enlisted  in  the  British  section  of  the  N.Z. 
forces  in  September,  1914,  and,  later,  joining  the  main  forces  in 
Egypt,  took  part  with  the  field  engineers  in  the  Gallipoli 
campaign.  He  was  invahded  to  England  and,  after  2J  years' 
treatment,  was  discharged  in  1918.  At  present  Mr.  Ulrich  is 
assistant  manager  of  the  Ashantee  Goldfields  Corporation,  Obuas, 
Gold  Coast  Colony,  West  Africa. 

Laurence  G.  Wilkins  (Lieut.),  wlio  enlisted  with  the  2nd 
Australian  Tunnelling  Co.  in  August,  1915,  returned  to  Australia 
in  July,   1919. 
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LIST    OF     ri'BLICATIONS    ADDED    TO    THE    LIBRARY 
From  31st  March,  192U  to  30th  June,  1920. 


AustniliHii  Minim:  and  Enirineerinsj:  Review  niontlily  - 
I ndnsirial  Australian  i'i;  Mining'  ^^tandard  -  weekly  - 
lOnpineerini:  and  Minini:  .lomnal    -  -      weekly      - 

Iron  and  Coal  Trades  Iteview  -  -     weekly      - 

Mining:  and  Enirineerini:  World      -  -     weekly      - 

Mining;  Ma-a/.ine  -  -  -      monthly  - 

Indian  Kn^ineerinj;  -  -  -      weekly      - 

Chemical  News       -  .  -  -      weekly      - 

Souili  African  Eni^ineering  -  -     monthly  - 

Journal  of    Industrial    and    10nc;ineering 

Chemistry  -  -  -      montlily    - 

S  --'>ty  of  Chpiiiical  Industry  :  Journal       -      hi-nionthly 
•   ;  -rnicul.  Metalluru'icai  and  Mining  Society 

of  South  Africa :  Journal       -  -     monthly  - 

Franklin  Institute  :  Journal  -  -      bi-monthly 

Institution  of  Mechanical  ICngineers  :  Journal     monthly 
Chamber  of   Mines  uf   Western  Australia  : 

Journal  ...  -    quarterly  - 

The  W«*st  Australian  Mrning,  Building  and 

Engin*»erin^  Jounial  -  -  -     weekly 

Que«'n*«land  Department  of  Mines  : 

(iovHrnnient  Mininic  Journal   -  -     monthly  - 

TraosTaal  Chamber  of  Mines  : 

Monthly  Analysis  of  Gold  Production 
Khodoi^ia   Chambpr  of   Mines  : 

llejiMri  of  Ex«'cuiive  -  -  -      monthly  - 

heiiartnient  of  Mines,  New  South  Wahs  : 

Mineral  KcKiarces,  No.  2U 
Department  of  Mines.  Queensland  : 

Geoloi^ical  Survey,  litilletins,  Nos.  iTiT)  niid  'JC?     - 
Def«rtfii(>nt  of  Mines,  South  Australia  : 

Minin;;  lieviHw  fnr  Half- Year  nnded  Utc.  :>1,  1919  - 
Tli«»  Uniremily  of  Ad«»laidp  : 

Calendar,  I'J'JO 
R(»ja\  Sfxi»*ty  of  South  Aii-«tralia  : 

TraasactioDs,  Vol.  XLIII.     - 


Melbourne 

Melbourne 

New  York 

London 

Chicago 

London 

Calcutta 

London 

London 

Easton,  Pa. 
London 

Johannesburg 

Philadelphia 

London 

Kalgoorlie  « 

Perth 

Brisbane 

Johannesburg 

IWilaw'ayo 

Sydney 

l>risbane 

Adelaide 

Adelaide 

Adrlaide 
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New  Zealand  Geoloijical  Survpy  : 

Bulletin,  No.  22  -  -  -  -  Wellington 

New  Zealand  Journal  of  Science  and  TechnoloL'v  : 

Chronie-iron  Ores,  Mica  and  J'linj^'sten  Ore  in  N.Z  , 

by  P.  G.  Moruan 
Graphite  in  N.Z  ,  by  1'.  G.  Moiij^an 
Mokau   Sub-division  ;    Tlie   Taranaki   Goldfield,  by 

J.  Henderson 
Coal   Prospects  of  Waiwera,   Auckland,  by  J.   A. 

Dartium 
Pcrujo-Oarboniferous  (Matai)  Kocks  of  tlie  Eastern 
part  of  the  South  Island  of  N.Z  ,  by  P.  G.  Morgan 
The  Splitting  of  tlie  Man^fintine-Matipo  Coal  Seam, 

Uuller  Mountain  Coalfield,  by  P.  G.  Morgan 
The  Application  of  a  Change  of  Volume   Factor  to 
the  Correlation  of  Coal  Seams  and  Coal  Bearing 
Strata,  by  P.  G.  Morgan 
Talc,  Manganese  Ore.  Clay,  Fullers  llartli  and  Oil 

Shale  in  N.Z  ,  by  P.  G.  Morgan  -  -  WellingtoD 

Institution  of  Mining  and  Metallurgy  : 

Bulletins,  Nos.  185-18-^  -  -  -  London 

Institution  of  Mining  Engineers  : 

Transactions,   Vol.    LVIII.,  Parts   .")  and   4  :    Vol. 

LIX..  Parts  1  and  2        -  -  -  London 

Geologists'  Association  : 

Proceedings,  Vol.  XXXI.,  Parts  1  and  2  -  London 

Institution  of  Mechanical  Engineers  : 

Proceedings,  Oct. -Dec  ,  1010  -  -  London 

Institute  of  Chemistry  of  Great  Britain  and  Ireland  : 

Proceedings,  1910,  Parr  4  -  -  -  London 

Iron  and  Steel  Institute  : 

dournal,  XCIX.,  No.  II..  lOlO  -  -  London 

Royal  I)ui)lin  Society  : 

Economic  Proceedings,  Vol.  II  ,  No.  14 

Scientilic  Proceedings,  V<d.  XV.,  Nos.  3rN48  -  Dublin 

Societe  des  Ingenienrs  Civils  de  France  : 

Meinoircs— 8th  Scries,  Nos.  7-12         -  •  Paris 

Annales  des  Mines  : 

Vol.  VIII.,  Part    I,  Vol.  IX,,  i»arts  2-1  -  L'aris 

Societ.i  (ieologica  Italiano  : 

Bulletin,  Vol.  XXX  Vlll.  (lOIO),  Parts  1-15  -  Home 
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Geological  Survey  of  India  : 

Records.  Vol.  LI..   Tart  1        -  -  -  Calcutta 

Deprtnu'rU  of  Min'S  and  Geolosjv,  Mysore  : 

UeronU.  Vol.  XV  11.,  i'an  11. 

Bulletin.  NO.  !»  -  -  -  -  Bangalore 

Mining  ami  (leoloiiical  listitute  of  India: 

Tninsaciinii:;,  Yo\.  XIV..  Tart  2         -  -  Calcutta 

Departni«*nt  of  Mines,  Canada  : 

PpHluclioTi  of  Iron  and  Steel  in  Canada  during  1018  Toronto 

Nova  Scoiiaii  In>tiinie  of  Sciencf  : 

Procce<lini:s  .srul  'I'lansnctions,  Vol.  XIV.,  Part  3  and  4  Halifax 

Canadian   Mining:  Institute: 

Tran-aciioii<,  li)l<.».  Vol.   XXII.         -  -  Montreal 

American  Institute  of  Miuinir  and  Metallurgical  Engineers  : 

Bulletins,  Nos.  ICO- 102  -  -  -  New  York 

Ueparlnieiii  of  Mines.  Mexico: 

IJuileiin,  Vol    Vlll..  X(»s.  :^  and  4      -  -  Mexico 

Secretaria  de  Iiidustria  Y  Comercio  : 

Bulletin,  Vol.  VI 11.,  Xus.  f)  and  6     -  -  Mexico 
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RECENT     ARTICLES     ON     MINING     MATTERS. 

(3! St   M...':,    19-M),   to  r.Oth   June,    lOiO). 

Note. — This  list  ts  jtrejiarfA  jor  the  -purpose  of  placing  before  memherx  the 
titles  of  the  more  important  papers  appearing  in  the  H»ual  publications  concerned 
ufith  mining  engineering,  mctnlUirgij,  .\r..  due  regard  being  had  to  Australasian 
requirements. 


LIST    OF     PUBLICATIONS. 


Refereneet  are  'jiren  by  the  number  ire/ixed  to  each  publicaUun  in  '.he  attached  list.     Wk.,  vceekty 

mlh.,  monthly. 

•J2)  Ilepnrt*     Aii<it.     As*oc.     Adv.      Science, 
Sydney,  New  South  Wales. 


(1)  The  /'I, I  '^triol  Aiix(ralia>i  '  Mnimf  '<tan- 

diird,    .Mc!l)Ourne.  VicU)ria.  wk..  6d. 

(2)  Thf.  Queens  and  (ioternment  Minin/  Jour- 

nal,  r.rish.ine,  mfh.,  Gd. 

(3)  MelJiUuTvcal  and  Chemical   Ewjincerinj, 

New   Vork,  mth.,  25c. 

(4)  The  Mininij  Journal,  London,  E.C.,  wk., 

Gd. 

(5)  Mininy  and  Enjineerinj  ITor/rf,  Clucaso, 

wk.,   lOr. 

(6)  The    Enffineerin/j    and    Mininj    Jo»rn:il, 

New   Vork,  wk.,   15c. 

(7)  The    Collier'/    Eivjiruer,    Scranton,    Pa., 

U.S.A..   nith.,  20c. 

(8)  Mininq  and  Scientific   Press,   S.in    Fran- 

cisco, Cal.,  wk.,   10c. 

(9)  Annales  des   Mines,   P;iri-i,    Franco,   intli. 

(10)  Publications,  Deoartmcnt  of  illnas,  Mel- 

bourne, Victoria. 

(11)  Publiealions,      Department      of      .Minors. 

Sydney,      cw  Soutli  Wales. 

(12)  Publications,  department  of  Mines,  Ade- 

laide,  South    Australia. 

(13)  Publieatinns,  Department  of  Minc.-^,  Bris- 

bane, Queensland. 

(U)  Publications,      Department      of      Mines, 
Perth,   Western  Australia. 

(15)  Publicalionn,      Department      of      Mines, 

Hobart.  T.ismanla. 

(16)  Pubticatumf,  (;co]oKical  Survey,  Canada, 

Ottawa,  Ontario. 

(17)  Pnblicatinns,  Bureau  of   Mines,  Toronto, 

Ontario. 

(18)  Publications,  Geological  Survey  of  India, 

Calcutta. 

(19)  Publications,   fJeologlcal   Survey,   I'.S.A., 

Wasidngton.  • 

(20)  Publication*.  (leologicai  Survey,  Alabama, 

Montgomery,  Ala. 

{'1\)   Publiralion':,      California     State     ilining 
Bureau,  Sacramento,  Cal. 


(2  :)   Tr-in^actioHT  <inil   Pruceeiinnn,   New   Zea- 
land Inst.,  Wellington,  New  Zealand. 

(24)  Quarterl'f    Journal,    Geological     Society, 

London. 

(25)  TransacJions.    Inst.    .Mining    and    ilctal- 

Iiirgy,    London.    K.C. 

(26)  Transactions,  In-:t.  Min.  Eni:..  London. 

(27)  Journal.  Canadian  Minin?  Inst.,  Ottawa, 

Ontario. 

(28)  Journul,  Cliem..  .Min..  and   Met.   Soc.  of 

S.A..  Joiiannosbiirg,  Transvaal. 

(29)  Transacions,    .Am.    Inst,  of  Min.  &  Met. 

Enji.    New   Vork   City. 

(oO)  rrnceedinga.     {'dorado     Scientific     Soc, 
Denver.  Col. 

(31)  Journal,  Franklin  In-t.,  Philadelphia,  Pa. 

(32)  Australian   Mininq  and  Enqineeriw]   Rt- 

vieu-,  .Melbourne.  Vic,  mth.,  6<1. 

(33)  Transactions.  Am.  Soc.  C.E..  New  York 

City. 

(31)   llullftins,   Soci»5t6  de.s   Ingfnieurs   CiviU, 
Pari-;. 

(35)  Minin'i  Manazine,  819  .Salisbury  House, 

London,  E.C.,  mth..  Is. 

(36)  Publications,    Iron    and    Steel    Institute. 

Lomlon. 

(37)  Procfdinqs,  Inst,  of  Mcch.  Eng.,  London. 

(38)  Publications.   Field    Columbian    ilu«eum, 

Chicaijo,   r.S.A. 

(39)  Journal.  .Mirung  Socictv  of  Nova  Scotia, 

Halifax.  N.S. 

(40)  Transaction'*.  .Minini;  and   Geological   In- 

stitute of  India,  Calcutta. 

(41)  Pi'hlicatiimf.  Department  of  Minc«.  Wel- 

lington. N.Z. 

(42)  Journal,  Chaml)er  of  Mines  of  West  Aus- 

tralia, Perth. 

(43)  Journal    of    Industrial    and    Engineering 

Chemistry,    Eastou,    Pa. 
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LIST     OF     ARTICLES 

UEOIXKSICAI. 

l;         ■    ,  •   l'..t.t«li  iK-jKwits      \V.   II.   R(K»s  aiiil  A.  U.  Morz.     (0)  Marcli  6,  1920. 

«.  Moxioi.     S.  J.   I-««wis.     (6)  Serial  ooiiimorKVil   March  20.  1920. 

Xiu  u  •■•II    iK'lHKjita:    the   Konnmnic  Sijjaiflo;vin<'    of    'i'lioir  Relative  Tomporatures   o 

I  W.    R.    Jonos.     (25)    Hull.    No.    ISG.      Disiiissiim  :    No.    187. 

lUrtli   ^1    ic-k   l»n-*!»un^3.     H.  (J.   Moultoii.     (29)    Bull.   No.   159. 
lUft  I    K.Tiu.ition  ol    I/ail  On-.      H.   A.   WlifeK-r.     (29)   Hull.   No.   158. 
1  ■>(  itinl.     J.   1».   KiMulall.     (27)  Vol.  XXII. 

1  I  (>(  On-  in   iKpth.     J.    n.    Ki-mlall.     (35)   May.   1920. 

Mr.CHANICM.. 

IVf..!i   IirilU  for  Iw  with   Hollow  Steel.     K    M.   Wesfon.     (6)  Feb.  21.  1920. 

I>i*-liiij:  Chute  for  Heavy  Material.     J.  S.   \Vatt>.     ((5)   Feb.  28.  1920. 

A'rial   Tramways.     D.    I^y.     (6)    Feb.   28.    1920. 

I  ii.|.  rtn-..uii,|    Holstlnir  Arranpnient.     (6)   March  20.   1920. 

Oil  \V.  II  I'timpiuK  MetluHJs  ami  Equipment.     S.  S.  Laufiley.     (6)  March  27,  1920. 

r  Puwi|en-<l  Coal  fur   Blast    Furnaces.     W.   L.    Wotlicrspoon.     (6)   April  8.   1920. 

\  r.«wlH-a«l  for  Buekit  Shaft.-.     .1.   K.   Harding.     (6)  April  3.  1920. 

)  i-mont   of  the   Mill.     B.    B.    Beci<ett.     (6)    April    10.    1920. 

\  in   Mills.      I).   Lay.     («))  April   10.  1920. 

C*»al   I'.iU' riaiiii   Plant   at    Nevaila  Consolidated   Ccqiper   Smelter.     1{.    K.    H.    I'omerov.     (29) 

bull    No    15S. 
I  -•  the  Rio  Tinto  Mine  by  Air-Lift.     S.  F.  Shaw.     (29)   Bull.  No.  158. 

•  '  f  tin-  (»il-Fin-d   Assay   Furnace.     F.   Borzyiiski.     (8)   May   15.   1920. 

|-  '-  't'-s  (HI  the  I>»»«i;rn  and  Treatment  of  Steel  Castin<;s.     G.  ¥.  Preston.     (36) 

\  f>f  l*ul\"^rized  Coal  in  Blast   Furnaces.      E.  P.  Matjiewson  and  W.  L.  Wothcrspoon. 

1  'U  of  Wire  Cables  and  a  Metho<l  Siigpcsted  for  its  Doteetion.     W.  F.  Robertson. 

:..      \'-i     \XII. 
A  Sctimr  for  Ollinjt  Slin.-  Cables  in   I'iare.     \V.    F.   Ilohi  rtson.     (27)   Vol.  XXII. 
lUtiofttl  IV-  of  Coal  for  Power  and    Heat       .1     I'.lizard.     (27)   Vol.   XXII. 

N'  RtJICAl.. 

<  •    <.r.'ni.'       NV     .«;     Evan«.     (8)    April    10,    192(». 

rue  Comiiiereial  Nickel   Steel.      H.   Scott.     (29)   Bull.   No.    158. 
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MINUTES  OF  MEETINGS. 


OF  THE   EXECUTIVE   COMMITTEE. 

(Summary.) 
July  28th.  1920—1  p.m. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £137  passed  for  payment. 

Nominations  as  follow  were  submitted  and  approved  : — As 
Member — Mr.  Lionel  Venn  Brown.  As  Associate  Members — Messrs. 
H.  F.  Pearson  and  W.  T.  Anderson.  As  Student — Mr.  John 
Hopkins. 

The  following  were  admitted  to  the  Institute  : — As  Members — 
Messrs.  A.  F.  Hosking,  Douglas  de  C.  Wilson  and  Ernest  K. 
Hall.  As  Associate  Members — Messrs.  R.  V.  Berriman  (formerly 
Student),  H.  H.  Carroll  (formerly  Student),  F.  H.  Hooper 
(formerly  Student),  Carl   J.  Linz,  F.   A.  Rufus  and  A.  H.  Swan. 

Transfer  from  Associate  Member  to  Member  of  the  following 
were  appro V(^d  : — Messrs.  J.  M.  Bridge,  A.  D.  Mackay  and  D. 
N.  Morison. 


xlTiii  MINUTES. 

The  following  papers  were  submitted  and  referred  to  the  Pub- 
lication Committee  :—'•  Treatment  of  Hard  Water  for  Furnace 
Jackets,"  by  A.  S.  Armstrong  ;  "  The  Scope  of  the  Engineers 
in  the  Great  War,"  by  0.  B.  Williams. 

Sucf^stions  in  comiection  with  the  extension  of  the  Employ- 
ment  Register  were  considered  and  revised. 

Tlie  Solicitor's  recommendations  in  regard  to  the  new  Consti- 
tution were  submitted  and  referred  to  a  Special  Meeting. 

Resolved  that  as  invited  the  Institute  act  as  the  Australian 
representative  for  the  Royal  College  of  Science  and  Technology 
in  connection  with  the  Royal  School  of  Mines  Frecheville  Research 
Fellowships  and  that  particulars  respecting  such  Fellowships  be 
forwarded  to  members  and  Lecturers  at  Universities  and  Schools 
of  Mines. 

August  30th,  1920—1  p.m. 

The  Secretarv's  report  was  presented  and  accounts  to  the 
amount  of  £62  passed  for  payment. 

Resolved  that  the  sum  of  £200  be  invested  in  the  Second 
Peace  Loan. 

Nominations  as  follow  were  approved  : — George  Alan  More  as 
Member  and  Frederick  Valentine  Ramsden  as  Associate  Member. 

A  Sub-committee  consisting  of  Messrs.  G.  C.  Klug,  W.  E. 
Wainwright,  J.  M.  Bridge,  Colin  Eraser  and  George  Weir  was 
app<^>inted  to  deal  with  the  following  subjects: — (1)  Architects 
Registration  Bill,  (2)  Registration  of  Mining  Engineers,  (3)  Com- 
panv  Flotation  (Signatures  to  Prospectuses).  The  Committee  was 
authorised  to  arrange  a  conference  with  other  bodies  in  regard 
to  No.  3  if  necessary. 

Resolved  that  Mr.  Lawson,  Premier  of  Victoria,  be  requested 
to  submit  the  following  suggestion  to  the  next  conference  of 
Premiers : — 

**  That  an  interstate*  conforofico  of  Chiof  Insportors  of  Minos  be 
held  with  a  view  to  the  drafting  of  u  Bill  to  provide  for 
unifonn  Btandanls  X)l  examination  for  mining  managers* 
ccrtificatoH  and  for  reciprocity  between  the  States." 


MINUTES.  xlix 

Roport  of  applications  received  for  the  Royal  School  of  Mines 
Frecheville  Research  Fellowships  was  submitted  and  directions 
given  ifegarding  transmission  to  London. 

Consideration  was  given  to  a  suggestion  that  some  arrangement 
might  be  made  for  the  simultaneous  publication  of  papers,  con- 
tributed to  the  Institute  in  publications  of  sister  associations 
and  vice  versa.  The  matter  was  referred  to  the  Publication 
Committee. 


Skptember  30th,  1920 — 1  p.m. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £18  passed  for  payment. 

Nomination  of  Mr.  Wm.  H.  C.  Chappie  as  a  Member  was 
approved,  and  that  of  Mr.  James  Conway  deferred  for  fuller 
particulars. 

Resolved  that  an  Ordinary  Meeting  be  held  on  17th  December 
to  examine  ballots  for  alteration  of  Rules  and  for  any  other 
])u>iness  the  Council  may  bring  forward. 

Resolved  that  a  Special  Meeting  of  the  Executive  Committee 
!)('  held  on  6th  October  to  receive  and  deal  with  communications 
from  Members  of  Council  in  connection  with  the  proposed  new 
Constitution,  final  drafts  of  which  were  Issued  on  3rd  September. 

The  appointment  of  delegates  to  the  Council  of  the  Australasian 
Association  for  the  Advancement  of  Science,  Hobart  Meeting, 
was  deferred  until  the  Special  Meeting  of  the  Executive  Com- 
mittee on  Gth  October. 

Resolved  that  the  list  of  Members  of  the  Ttistitute  be  revised, 
printed  and  distributed. 


NOTKiKS. 

NOTICES. 

of  Ihe   Institute   nrf   open    frotn  'J  k.m.    to  5  p.m.    ilaily,  except  Siinciays  aj)fl 


MEMBERSHIP. 

Applications  for  admission  to  the  Institute  have  been  received 
from  the  foUowin*^: — As  Members — William  Henry  Charles  Chappie, 
Cobar  Gold  Mines,  Cobar,  N.S.W. ;  Jas.  Conway,  Bowen,  Qld.  ; 
and  Georpe  Alan  More,  Singapore.  As  Associate  Members — John 
Alexander  Dunn,  Bendigo  Amalgamated  Goldfields,  Bendigo,  Vic; 
and  Frederick  Valentine  Ramsden,  15  Alexander  Street,  Bala- 
clava, Vic.  These  names  are  now  submitted  to  members  for 
confidential  report. 

PUBLICATIONS. 

The  following  Paper  is  included  in  this  issue  :  — 

**  The  «. oology  and  Orc-Dcposits  of  the  Wallialla- Wood's  Point  .Auriferous 
Belt,"  by  N.  R.  .lunner,  D.Sc. 
Discussion  thereon  is  invited. 

ANNUAL   MEETING,    1921. 

The  annual  meeting  of  the  Institute,  1921,  will  be  held  at 
4^  Queen  Street,  Melbourne,  on  Monday,  '31st  January,  1921,  at 
I  p.m.  The  business  of  the  meeting  will  include  the  presen- 
tation of  the  annual  report  and  balance  sheet  for  1920  and  the 
«'Ic«tion  of  officers  to  fill  the  annual  vacancies.  Should  the  new 
Constitution  be  adopted  at  the  ordinary  meeting  convened  for 
17th  December.  1920,  the  annual  meeting  will  not  be  held  until 
.March,  1921  (see  articles  'M  and  85). 

ORDINAHY    MEETING. 

.V.H  previously  notified  an  c)rdinary  meeting  of  the  Institute  will 
be  held  at  4H  Queen  Street,  Melbourne,  on  Friday,  December 
17th,   1920,  at  1  p.m.     The  business  of  this   meeting  will  include 

(1)  Examination  of  ballots  for  adoption  of  the  new  Constitution, 

(2)  8uch  other  basiness  as  the  Council  may  bring  forward. 


NOTICKS.  li 

NEW    CONSTITUTION. 

The  Council  recommends  the  adoption  of  the  new  Constitution, 
the  ballot  upon  which  will  be  decided  on  17th  December.  Should 
the  ballot  be  in  the  affirmative  the  new  rules  become  operative 
forthwith  and  incorporation  will  immediately  be  proceeded  with. 
The  process  of  incorporation  in  all  the  States  and  New  Zealand 
will,  owing  to  the  absence  of  a  Federal  Companies  Act,  occupy 
a  considerable  time,  but  the  new  rules  will  apply  as  soon  as 
adopted.  Members  will  be  notified  early  of  the  result  of  the 
ballot  on  17th   December. 

SUBSCRIPTIONS. 

The  attention  of  any  members  whose  subscriptions  may  be  in 
arrears  is  urgently  directed  to  Article  8  of  the  proposed  new 
Constitution  which  it  is  anticipated  will  be  in  operation  after 
.17th  December,   11>20  : 

Article  8 — "All  Members,  Associate  Members  and  Students  of  the  unincor- 
porated Australasian  Institute  of  Mining  and  Metallurgy 
automatically  become  members  of  the  same  class  of  mem- 
bership in  the  Institute  on  incorporation,  on  v<njvi^nt  of 
iirrcar)',  if  any,  due  to  the  unincorporated  Australasian 
Institute  of  Mining  and  Metallurgy." 

MOVEMENTS    OF    MEMBERS. 

Cliarles  A.  Banks  is  now  managing  director  of  the  British 
Canadian  Silver  Corporation  Ltd.  His  address  is  .'>  Nelson  Court, 
Vancouver,  B.C.  Mr.  Banks  enlisted  for  active  service  in  Jan- 
uary, 191(5.  He  attained  the  rank  of  Captain.  ^lost  of  his  work 
at  the,  front  was  in  comu'ction  wltli  tunnelliii^^  (mainly  at 
Messines).     He  was  demobilised  in  April.    1919. 

E.  K.  Blakeniori'.  of  Sxdney  (Member  of  Council),  is  on  a  visit 
to  America. 

(\  F.  Courtney  (Member  of  (  ouncil),  general  manager  of  the 
Sulphide  Corporation  Ltd.,  is  visiting  London.  Wo  left  Australia 
in  September  by  the   R.M.S.  Orvieto. 

n.  Kermaii.  of  Melbourne  (Member  of  Council),  has  resigned 
a.s  Director  of  (ieolojiical  Survey,  Victoria,  to  fill  the  position  of 
engineer  in  charge  of  bricjuetting  and  brown  coal  by-products 
research  work  under  the  i^'Jectricitv  Commission,  \'ictoria. 


lii  NOTK'IX 

Erii*  \V.  Hughes  has  returned  to  Australia.  He  won  one  of 
the  Soldier  Si-liolarsliips  ])ivsented  by  Mr.  Otto  Biet,  and  subse- 
quently Ejradiiated  as  an  Associate  of  tlie  Royal  School  of  Mines 
(London). 

Wni.  J.  MrBride,  of  the  Broken  Hill  South  Ltd.,  is  visiting  the 
Bawdwin  Mines  of  tlie  Burma  Corporation  Ltd.  He  will  be  absent 
from  Australia  for  three  or  four  months. 

Oluf  Moen.  late  of  St.  Bathans,  Otago,  X.Z.,  has  been 
appointed  overseiM-  of  the  Lake  Monowai  Construction  Works  for 
the  Southland  Electric  Power  Board.  His  address  is  P.O., 
Riverton,  Southland.  X.Z. 

C.  liOiisdale  Smith  is  now  managuig  the  Cherry  Tin  Mine, 
Ardlethan,  N.SAV.  He  was  formerly  manager  of  the  Tungsten 
Mines  Ltd.,  Frogmore,  N.S.W. 

Mr.  Hector  Stewart,  .^LC.E.,  F.C.S.,  has  been  commissioned  to 
report  exhaustively  on  the  Westralian  and  the  Premier  Coal 
Mines  and  activities  and  on  the  East  Collie  Coal  Mining,  Briquet- 
ting  and  By-products  Ltd.  properties. 

E.  Hogan  Taylor,  late  general  manager  Great  Col)ar  Ltd.,  has 
1»»»€MJ  appointed  general  manager  of  the  New  Guinea  Copper  iVIines, 
I^loki.   Papua. 

George  J.  Twine,  wlio  during  the  war  was  on  service  in 
England  as  Chemist  on  Explosives,  has  returned  to  Australia  and 
Is  now  works  manager  and  chemist  to  the  Queensland  Cement 
and  Jjnie  Company  at  Darra,  (Queensland. 

L.  V.  Waterhouse,  late,  of  Mount  Lyell  M.  Sc  R.  Coy.,  Queens- 
town.  Tasmania,  has  been  appointed  general  manager  of  the 
Mount  Hope  Ltd.,  N.S.W. 


REPORTS  OK   BRANCHES. 

A  meeting  of  the  Broken  Hill  Jiranch  was  held  on  13th  July, 
when  a  paper  entitled  ''The  Scope  of  the  Engineer  in  the  Great 
War,"  by  O.  B.   Williams,   was  read. 


LIBRARY. 


liii 


LIST   OF    PUBLICATIONS    ADDED    TO    THE    LlIUiARY 
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montlily 

woekly 

\v<*('kly 

weekly 

weekly 


Australian  Mining  and  Eni;ineering  Review 

Industrial  Australian  it  Mining  Standard - 

Engineering  and  Mining  .loinnal    - 

Iron  and  Coal  Trade??  Review 

Mining  and  Engineering  World 

Mining  Mau'azine 

Indian  Engineering 

Clieniic:il  Xe\v>        _  .  _  . 

South  African  Engineering 

Journal  of    Industrial    and    Engineering 

Ciiemistry 
Society  of  Chemical  Industry  :   Journal 
Chemical,  Metallurgical  and  Mining  Society 

of  South  Africa  :   Journal 
Franklin  Institute  :  .rournal 
Institution  of  Mechanical  Enoineers  :  tJournal      monthly 
Chanihttr  of   Mines   of   W'-stern   A'lstralia  : 

Journal  .  .  .  _ 

Tiie  West  Australian  Mining,   lluilding  and 

ICngineering  donrnal  - 
Queensland  Department  of  Mines  : 

(iovernment  Mining  .Fournal   - 
Transvaal  Chamher  ot  Mines  : 

Monthly  Analysis  of  (iold  I*r<»dn<.'tion 
Rhodesia   ('liamber  of -Mines  : 

Report  of  Executive  - 
De])artment  of  Mines,  V  ctoria  : 

(jeological  Survey.  Records,  Vol.  IV,   Parts  1  .mil  L' 
Royal  Society  of  Victoria  : 

Proeeedings,  Vol    XXXII..  Pari  '2     - 
Department  <»f  Mines,  QueeM>land  : 

<ieo1oL,Mcal  Survey,  PuMication^,  No.  •-'08 
Royal  Society  of  Qu<*ensland  : 

ProceediugH,  Vol.  XXXI.      - 
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Prospe<'tus  \'.)\\)  and  Annual   lJfi.>rt   lOl'o 
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weekly 
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bi-monthly 

montlily  - 
hi-monthly 


quarterly  - 


wreUIV 


monthlv 


nioiithlv 


Melbourne 

Melbourne 

New  ^'ork 

London 

Chicago 

London 

Calcutta 

London 

London 

Easton,  Pa. 
London 

Johannesburg 

Philadelphia 

London 

Ivaigoorlie 

IVrth 

Brisbane 

tJohanrjesburg 

Rulawayo 

.Melbourne 

Melbourne 
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Iitstitutidii     of     Engineers     oi      Australia     (Adelaide 
division) : 

Artesian  Well  Doriiii;  Plant  ami  MAchiriery.  hy  A. 
K.  Smith 

Modern  Ijathps.  h\  W.  L.  Burtnn  _  .  Adelaide 

Institution  of  Minnir  Hiid  Met^iiluri^y  : 

bulletins,  .\u>.    18!)  and    190-  -  -  London 

Institution  of  Mining;  Eni^iru'ers  : 

Transactions.  Vol.   IjIX.,  Van  ;>        -  .  fjondon 

Geolojjical  Soeieiy  : 

Quartorly  Journal  No.  21)1)      -  -  _  London 

I  department  of  Scientilic  and  Indujjtrial  Kesearcii  : 

Second    Uepori    of    tlie    Mine    Rescue    Apparatus 
Rt'senrch  C'onunitlee 
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1918  and  1919    -  .  .  .  i,,„.,ion 

Soeiet^  des  In^renuMirs  Ci\  ils  de  France  : 

Hnlletin.  Oct.  and  D.-c.  1919  -  _  [*:^^.^^ 

Annates  drs  Mines  : 

Vol.  X.  19-20  ...  .  ,.,,„ 

Mining  and  (leological  Ir.stitnto  of  India  : 

'Iransaetions,  Vol.  XIV.,  Part  2         -  .  Calcutta 

Geological  Surrey  of  India  : 

Records.  Vol.  LI..    Part   |     ,  -  .  _  Calcutta 

Mysore  (i»-  'ogirul  hi-partment  : 

-  -  nans;alore 

licpartiueui  of  Min  •-»  ar.fl  (n'oloL,'y.  Mysore  : 

liecorH*.  Vol.  X  \'  II      I'lrt   II  n  i 

•        *•  "^        '  '  '  '^^^  ^  '•  -  -  lianicalore 

l>«-paritiifnt  of  Mines,  Canada  : 

SiiMifiiarr     Kcport    of   tlic    .Mines    Branch,    1 9  P.), 

Pans  B.  I)  and  G 
MenintH.  115-117 
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Maryland  Geoloi;ic;il  Survey  : 

VohiTiie  X.,  1018 

Anne  Arundel  C'ouniy  (with  inap-j) 

Cretaceous — Upper  (iVxi) 

Cretaceous — Upper  (Text  an»l  Plates)  -  Baltimore^ 

United  States  Geological  Survey  : 

Water  Supply  Papers,  411,  422,  427,  UCk  4r)0A 

Unileiins  Nos.  44,  HOs,  600,  076,  677,  68;),  6^o, 
087,  hSS,  OOU,  001-E,K,F,L,M,  C:):),  098, 
711a 

Mineral  liesources,  Various   Papers,  11)10-1018 

Professional  Papers,  104,  107,  100,  HO.  112,  114, 

120,  121  -  -  -  -  Wasliuigton 

(Juerpo  de  Ingeniems  de  Minas  : 

Boletin  No.  00  .  .  _  _  Lima 

Department  of  Mines,  Mexico  ; 

Boletin  Miner-.,  Vol.  IX..  Nos.  1  and  2     -  -  .Mexico 
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OtU«.t.  Ontario. 

|17j  tmUtemlumt.   Hurrau  of  >Unet,  Toronto, 
Oniarto. 

Pt)  /*iM»emlutmt.  f;««loclc«l  HufTey  of  In.lla, 
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(V)  FiMiemtUms.  Oeologtol  Sarycy.  Alabama, 
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Sydney,  New  Soiitli  Wales. 
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CiO)   I  roceedings,     Colorado     Scientific     Soc, 

Denver.  Col. 
(31)  Journal,  Franklin  Iii<t..  IMiiladeliiliia,  Pa, 

(.32)  Australian    Mining   and  Engineering   Re- 
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(43)  Journal    of    Indantrial    and    Engineering 
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OEOLOGICAI.. 


Some  Features  of  the  CfCological  IK'partment  of  the  Aixacoiula  CopiR-r  Mining' Co.     P.  BiUingsIejr. 

(8)  June  19,  1920. 
Lateral  Distribution  of  Metallic  Minerals.     J.  D.  Kendall.     (35)  Aiip.,  1920. 
The  Xick-f  I-Copper  Mines  of  Sutlbury.     Dr.  J.  Mackintosh  IJ<1I.     (35)  Aug..  1920. 
The  Discovery  of  Fossils  in  the  Grampian  Sandstones,  witli  General  Notes  on  the  Forniatioa. 

W.  H.  Ferguson.     (10)  Records.  Vol.  IV..  Part  1. 
Geology  of  the  Nowa  Nowa  Di.strict.     W.  H.  Ferguson.     (10)  Rrrords.  Vol.  IV..  Part  2. 
.\  Gt'olo'.iical  Reconnaissance  of  the  Country  Ix-'twoen  Ljivcrtori  and  tlic  South  Australian  Border. 

H.  W.  15.  Talbot  and  E.  <le  C.  Clarki'>.     (14)  Bull.  No.  75. 

MECHANICAL. 

Standardization  of  Host^  Fittings  for  Hammer  Rock  Drills,     (i.  II.  Gilman.     (6)  .Tune  0.  1920. 

Air  Lift  for  Min"  Drainage.     S.  F.  Shaw.     (6)  June  5,  1920. 

Design  of  TwoBucket  Aerml  Tramway.     D.  Lay.     (6)  June  19,  1920. 

Fnwatoring  by  Air  Lift  in  Gra.ss  Valley,  California.     G.  J.  Young.     (6)  July  10.  1920. 

Handliiii;  Broken  Rock  On-  Chunks.     H.  H.  Hunncr.     (6)  July  17.  1920. 

The  Theory  of  th--  Centrifugal  Fan.     W.  S.  Weeks.     (8)  Jum-  12.  1920. 

Centrifusal  Pumps.     R.  S.  Jxwis.     (8)  July  17.  1920. 

Mecharii -al   Stoktr  Tests.     D.   Brownlif.     (37)   Marcli,   1920. 

MKTAfJ.URGICAL. 

Flotation  of  Molyb<lenit«'  at   Empire.  Col.     W.  Coehill  and  J.   V.   Jioiiardi.      (0)  May  29.  1920. 

A  Cyanide  Plant  without  Frills.     L.  A.  Palmer.     (G)  Juno  5,  1920. 

Mctalluru'ical  Plants  in  tho  Vicinity  of  NVw  York.     E.  IT.  Roidi!.     ((5)  June.   12.  1920. 

Assaying  Quicksilver  Ores.     R.  G.   Place.     (6)  June  12,  1920. 

U^vf'lopini;  a  Mill  Flow-Shoet  at  Morcnci,  Ariz.      A.  Crowf<x)t  antl   E.  Wit*onan.     (6)  June  19, 

1 92f». 
A   Hiirli  Temperature  Oil-Fired  I^jilKmitory  Furnace.     11.  K.  Najarian.     (6)  June  20.  1920. 
Electrical  Precipitation  of  Cyanide  Solutions.     1).  I^ay.     (6)  July  10.  1920. 
Charts  for  Computing  Blast-Furnace  Performances.     11.  L.  Fickett.     (6)  July  17,  1920. 
Tlme-Saving  Devices  in  an  Assay  Office.     P.  L.  Smith.     (6)  July  17.  1920. 
Oxygen  in  Cyanide  Solutions.     E.  M.  Hamilton.     (6)  July  17,  1920. 
Feed   l»ro<Iuct  Si&^   Diagram.     G.  J.  Young.     (6)  July  17,  1920. 
n»;ccnt  Metallurgy  at  Trail.  British  Columbia.     F.  H.  Mason,     (8)  June  12,  1920, 
-\  Volumetric  Metho<l  for  Dct>erininafion  of  Tungsten.     G.  M.  Enios.     (8)  June  12,  1920. 
Smelting  Cyanide    Precipitate.     (8)   June  2.    1920. 

The   Fahrcnwald   Flotation   Maehini*.     F.   A.   Thoni.son.     (s)  July   12.   1920. 
Some  Observations  on  Smelting.     H.    U.  S.     (8)  July   19,   1920. 
ITie   Dorr  lV)wl-f  la-isifier.     H.   Hanson.     (8)  June   19,   1920. 
Some  01>9crvations  on  Smelting.     C.  W.  Tandy.     (8)  July   10,   1920. 
Electrolytic  S<:paration  of  CopiK-r  from  a  CdpjxT-Cobalt-Niekt'l  Matte      R.  G.   Knickerbocker. 

(8)   July   10.    1920. 
Pulverized  Coal  in  Metalhirgieal   Furnaeis  at   Cerro  de   Pasco.     O.    L.  M'Intvre.      (8)  July   10, 

1920. 
Initial  Velocity  of  Bubbles  in  a  Pn.umatic  Flotation  Cell.     M.  S.  Donaldson.     (8)  July  26.  1920. 
TIh!  Anal>-8is  of  Magnesite.     W.  C.   Riildell.     (s)  .July  2t;,  1920. 
Cono-ntration  of  Magnetite  Ore.     (8)  July  24.  1920. 
Klectro-Met^illiirL'y   of   Manganes.^   Ore.     (8)   July  24,   1920. 
Flotation  .Mill   Uiins  and   lijilxiratory  Tests.     F.  (;.  Moses.      (8)  Aug.   14.   1920. 
The  Flue  TyiH-  of  (otlrell    I'reater.     A.   B.   Young.     (8)  Aug.  21,   1920. 

Electro-l)ci)Oi!ition  of  Gold  an<l  Silver  from  Cyanide  Solution.     J.  E.  Clennell.     (35)  July,  1920. 
Hydro-MctalIurg>'  of  Gold  and   Silver.      If.   Freeman.     (2)  July   15.   1920. 
Th«*  Diterminatlon  of  Zirconium  in  Steel.     <;.  E.  F.  Lundell  and  H.  B.  Knowles.     (43)  June   1, 

1020. 

Tlie  Application  ui  tlic  Rr>tatlng  Zinc  I^Mlueto^  in  the  D<  termination  oi  MolvlMlenum.     W.  3cfi»;f . 
(43)  June  1,  1920. 


Iriii  LIBKAUY. 

A   lUpl.l   rvr.rniin.tlon  o(  Sulphuric  Acid  in  t'oinmoroial  Sulphuric  Acid.     A.  A.  Kohr.     (43) 

Tt-  ""i^  f    IMuicphoric  Acid    bv  SinoUinK  Phosphate   1U)(  k    in    a  Fuel-Fed   Fumaoe. 

^^W    H  ,  .nul  T.  B.  Turloy'.     (43)  July  1.  1920. 

lB«r«tl<.U  tuum.     J.  W.  Mardonand  M.  N.  Rich.     (43)  July  1,  1920. 

mJ^oJ  for  uiiwtiou  of  ThioivHuatos  in  Auimonitual    l.iqaor    from   Ammonia  Stills 

iS^tbc    1  rokint;  Industrv.     J.  A.  Shaw.     (43)  July  1,  1920. 
lUpM  IV..  ruuu^tiou  oi  Small  Amounts  of  (^.pP»•^  I'V  the  Lvli.l-  M.^thod.      II.  F.  Bailey.     (43 

Aug     1.  U>20. 

MINING. 

An  Impcin^l  Wt-dae  (or  IX'flocting  Diamond  Drills.     C  E.  Wueusch.     (8)  June  26.  1920. 
\cw  HobM  a-nt  at  th.^  Tonopah  E.>ctonsion  Mine.     (8)  Aug.  21,  1920. 

Ov»l  Minium  N^w  U'^gulations  und.r  tho  British  Act.     (2)  Sept.  15,  1920. 

MISCELI.VNF.OUS. 

\V»*'.    MV.  ri«b  In  tlK>  Mining  Industry.     (J.  T.   HarKy.     (6)  June  I'i,  1920. 

^,  rk  at  tlK"   llomostaki-  Mine.     B.  (".  Yatos.     (6)  July  31,  1920. 

^'  .11  flK"  itold  I'roltUin.     (8)  June  5.  1920. 

TtoB  Me»»urxin.nt  o(  V.ntiUting  Air.     W.  S.  Weeks.     (H)  July  19,  1920. 

Yhe  Teeing  mid  Application  of  Ventilating  Fans.     W.  S.  Weeks.     (8)  July  13,  1920. 

The  Prkv  ol  j;old.     A.  Moline.     (8)  June  26,  1920. 

p..i-,-....    VrtK-riean   Engineering  Societies.     (8)  June;   26,   1920. 

1  ,  (;<,K1.     T.  Fn-uch.     (8)  July  24,  1920. 

I»r  Mlw  Vi-ntilation.     W.  S.  Weeks.     (8)  July  24,  1920. 

A  ]{••   '      <  MiiH-  Fln-a  in  the  South- West  •  Part  I.     C.  A.  Mitke.     (8)  Serial  commenced  July 

Scknee  an-l   Indu«try.     A.   W.  Allen.     (8)  July  31,   1920. 

«ij»«m«p  Jilm-   Hoiats  from  Movuig  Cages.     C  A.  Alliii.     (8)  AuR.  14,  1920. 

»y«taa»tijin«   l^rgn   Mine   Examinations.     M.   Wel)ber.     (8)   Au^'.    14,   1920. 

Cwvca  of  On-  Valuation.     K.   K.   Hood.     (8)  Aug.  21,   1920. 

Ttm  Hampton  Plaina  DiHooverir's.     C.  M.  Harris  and  I..  R.  Benjamin.     (35)  May,  1920. 

APf»r»ta»  l<»r  th«-  Imnrov.-ment  of  the  Power  Factor  iu  Mining  Electrical  Mat-iiinery.     A.  W. 

A»htiiii      <2«t   Vol.   U-N..   Part   3. 
Aotimnny  tn   1»17.     E.  S.   Bastln.     (19)  Mineral  Resources,  1917,  Part  1. 
Iron  itrr.  lis  Iron,  ami  St.-.l  in  1917.     E.  F.  Burchani.     (19)  Min(>ral  Resour«oa,  1917,  Part  L 
Cokmit    Jl'»lv»j.l«-num.  Xlckil.  Titanium,  Tungsten.  Ra<lium,  Uranium,  and  Vanadium  in  1916. 

F.' L.   H«i»      'IJ)  Mineral  Resources.   li)16.  Part    1. 

-   ■    ;  i>ir.  I>ad.  and  Zinc  in  Montana  in  1917.     V.  C.  Hcikes.     (15)  Mineral  Resources, 

l-T.  lyad.  and  Zinc  in  Nevada  in  1917.     \  .  C.  Hcikes.     (15)  Mineral  Resources, 

1  '• 

CofcJ   «...  .r   I^i.j.  and  Zincin  California  aii«l  Oregon  in  1917.     C.G.Yale.     (15)  Mmeral 

Krvoa^  '    1- 

OgM.  ^il-.  ,  and  Zinc  m  Utah  in  l'.>17.     V.  C.  Hcikes.     (15)  Mineral  Resources, 

\' 
Qt,l]  pr-r    ni;'l   I>'ad  In  S*)uth   Dakota  and   Wvoniin'4  in   1917.      C.   W.   Henderson. 

-.  1917.  Part   1. 
>  ,i.  and  Tellurium  in  191«.     .1.  M.  Hill.     (15)  Mineral  Pi^isources,  1918, 

Mv.-  In  IMU.     R.  W,  Stone.     (15)  Mimral  Resounu^s,  1918,  Part  1. 

r  ,  ..  1918.     C.  E.  Hlilx-nthal.     (15)  Mineral  10«<»uro«8,  1918.  Part  1. 

g.     .  •  tn  1917.     F.   L.  Raiiwiuie.     (15)  Min-ral   Resouia-s.  1917,  Part   1. 

r^,H  /   .•  In  Maho  and   Washington  in   1917.     U.  N.  Gerry,     (15) 

>!  1. 

*,  ;.  r    u  II,  .iti  I  /.Ml'  in  Arizona  in  1917.     V.  C.  Heikes.     (15)  .Mineral  Resources, 

r 

g.  .  "       If.   I).  M'Caakcy.     (15)  5Iinernl  lleHourreH.  1916.  Part  1. 

7,1  .  .  1916.     C.  E.  Hli-Niithnl.     (15)  .Mineral  Rsources,  1916,  Part  1. 

Ij  ,  '      t     '<t.  timtlial.     (15)  Mineral   lO-HounvH.   1916,  Part  1. 

f.,       t.  •     ,  1  •    -      C.   E.   I>-a«er,     (15)   .Mineral   RrHourcen,   1918,  Part  2. 


OoU. 

1 

Gold. 


LIIJIIARV.  i!X 

Sand-LiiiK'  in  Bricks  in  19H.     J.  Mitldlefoii.     ri:,)   Minora!  K(>soiir(«  •■•,  191>^.  V.'.rt  2. 

Soilinni  Sulfs  in  1917.     R.  C.  Wills.     (15)  Min.r.il  llesourns.  1917,  Part  - 

Cem«'nf  in   1917.     E.  F.  Bnrshard.     (15)   Mineral   llcsouiers,   1917.  Part  12. 

Clay-Workifii,'  In.lustrit'S,  fie.,  in  1917.     J.  Miildl*  ton.     (15)  MuR-ral  IlesourtTs,  1917,   Part  2. 

Lime  iu  1917.     (i.  F.  IjOueWu.     (15)  Mineral  l^•^'llu^n'^,  1917,  Part  2. 

Petrolt^um  in   1917.     .f.   I).   Xorrliiop.     (15)  Mineral  lU'sounvs,  1917,  Parr  2. 

Coal  in   1917.     C.   E.   J/\ster.     (15)   Mineral  Kesourees,  1917,  Part  2. 

Pyrenees   I'roprietaiy  Mine,   Keilljank.     W.    Harauwanath.     (10)   Rcconls,   Vol.   IV.,   Part   1. 

Notes  (in  Healil.a.     E.  J.  Dnnn.     (10^  Reeonls.  Vol.  IV.,  Part  1. 

Wolfram  at    l.intons.     W.   Rarat;\vanat|i.     (10)   Re((.r«l.«,  Vol.  IV.,  Part   1. 

The  Prince  (.f  Wales  r,ol.l  Mine.  Wehla.     .\.  .M.  Howitt.     (10)  Ri>eonls,  Vol.  IV.,  Part  1. 

Pattens  Mine,  lirowns  Reet.  Evansfor.l.      H.  S.  Whitelaw.     (10)  Rei-ords.  Vol.  IV.,  Part  1. 

The   Yankee   J)o«kI1o  R<ei.  (ioldsbrougli.     A.   M.    Howitt.     (10)   Ri-ronls,  Vol.  IV.,  Part  1. 

Auriferous   1{<  cfs  near  Tall»ot.     H.  S.   Whitelaw.     ilO)   Records,  V<jI.  IV.,  Part  1. 

The  (Jolden  Keef,  Dereel.      E.  J.  Dunn.     (10)  Records,  Vol.  IV..  Part  1. 

Tho  .Matii.v  Reif.  M'Intyre's.  near  Rheola.     H.  S.  Whitelaw.     (10)  Records,  Vol.  IV.,  Part  1. 

The  Chines  (ioldtield.     W.  Baragwanatji.     (10)   Records,  Vol.  IV.,  Part  1. 

Forrester's  .Mine.   Smeaton.     W.   Baragwanath.     (10)   Records,   Vol.  IV.,  Par*    2. 

Dean's  Marsh  Coal  Mine.     Stanley  Hunter.     (10)  Rticords,  Vol.  IV.,  Part  1. 

The   Ivord   Tennvson    Reef.   Welshman's   Ciillv.    Eganstown,   near    l)avl<;sford.     A.   M.    Howitt. 

(10)   Ken.rds.  Vol.  IV..  Part   1. 
The  Gohlen  Hoix-  Mine,  near  Blakoville.     W.   H.  K.  r^^uson.     (10)  R«'cords,  Yd.  IV.,  Part  1. 
Allegi^d  Occurrence  of  Mineral  Oil  at  Anglesea.     E.  J.  Dunn.     (10)  Records.  Vol.  IV.,  Part  1. 
Magnesite  and   Clav  at   SpriuR  Creek.   Rowslev.   near  Bacchus  Marsh.       I).  J.  Mahony.      (10) 

Reeonls,  V»d.   IV..  Part  1. 
Notes  f)n  the  District  Emhracina;  Diamond  Hill  and  Adidai  le  (JuMv,  CastK  maine.     H.  S.  White- 
law.      (10)    Records.   Vol.   IV..   Part    1. 
The  South  Wattle  GuUy  Mine.  Chewton.     W.  Baragwaiiath.     (10)  R.-c<.rds,  Vol.  IV.,  Part  1. 
Maznesite  at   Heathcote.     E.  J.  Dunn.     (10)  Records.  Vol.  IV.,  Part  1. 
Infu9<jrial  Earth  near  Mickleliam.     E.  J.   Dumi.     (10)  R«*cords,  Vol.  IV.,  Part  1. 
Iron  Ore  at   Mount   Major.     (10)  Records,  Vol.   IV.,   Part  1. 

The  Lucks  All  (Jold  Mine.  Enoch's  Point.  O.  A.  L.  Whit*  law.  (10)  R.cords.  Vol.  IV.,  Part  1. 
The  Star  and  Thomson  Gold  Mine.  AUrfehly.  A.  M.  Howitt.  (10)  Recoids.  Vol.  IV.,  Part  1. 
The  East  Waliialla  Cop|)er  and  Platinum  Mine.  A.  .M.  Howitt.  (10)  Records.  Vol.  IV.,  Part  1. 
The  Mamnx.tli    l^nle,  (iiblKj  River.      E.  J.    I  Mum.     (10)  Reeonls,   Vol.   IV..   Part  1. 

Silver  Lo*les.  Omeo.     E.  J.  Dunn.     (10)  Reeonls.  Vol.  IV.,  Part  1. 

Some  Iron  On-   lk;pf»sits  in  South  Gii)i)sland.      E.  .T.   Dunn.     (10)  Ri^eords,  V^)l.  IV.,  Part  1. 

Limestone  at   Aringa.  near  Port   Fairy.     W.   H.   F'r>ruson.     (10)   Recunls,  Vol.  IV.,  Part  2. 

Limestone  at  (;arvoe.     L.  H.  Ower.     (10)  Reeonls.  Vol.  IV..  Part  2. 

Matrix  Reef.  Mlntyn's.      E.  .1.   Dunn.     (10)   Reeonls.  Vol.  IV..  Part  2. 

Bass  and  Watsons  Gold-Wolfram  Mine.  Linton.     H.  Herman,     (lo)  R.eonls.  \'.i1.  IV.,  Part  2. 

Some  Mines  at   Scarsdale.     W.   Baragwanath.     (10)   Records,  Vol.  IV..  Part.  2. 

Smeaton   Itemrve   I'nited   Mine.     W.   Baragwanath.     (10)   Reeonls,  Vol.   IV.,  Part  2. 

Brown  and   Black  Coal  near  Winchelsea.     H.   Ih-rman.     (10)  Records,  Vol.  IV.,  Part  2. 

Some  Mines  at   Daylesford.     H.  S.  Whit<'law.     (10)  K;i>conls,  Vol.  IV.,  Part  2. 

O'Comior's   Mine.    Drummond   North.     W.   Baragwanath.     (10)   Records,   Vol.   IV.,  Part  2. 

New   IliMl.  White  and  Blue   United  Mine.  Ik-ndigo.     H.  S.  Whitelaw.     (10)  R»>eord8.  Vol.   IV.. 
Part  2. 

Diamond  Cnvk  Gold  Mine,  Nillumhik.     A.  M.  Howitt.     (10)  lUconl-*,  Vol.  IV.,  Part  2. 

Tynlls  Reef.  Black  Range.  EdI.     A.  M.   Howitt.     (10)  Riconls,  Vt.l.  IV.,  Part  2. 

Phosphite  of     lum   and   Other   Mimrals.   Whitlleld    District.      A.    .M.    Howitt.      (10)    Records, 
Vol.  IV..  Part  2. 

The  Intligo  pionier  Mine.  Indigo  Cn-ek.     .1.  P.   L.   Kenny.     (10)  Ri-conls.  V»d.  IV.,  Part  2. 

Archers  Wolfram   .Mim  .   Indigo  cn-ek.     J.   P.    L.   Kenny.     (10)  Reeonls,  Vid.   IV.,  Part  2. 

Tin-  Chilt.rn  Golden  Bar  .Mine.     J.  P.  L.  Kenny.     ilO)  R««conla.  Vol.  IV.,  Part  2. 

The  Lady  Ros«-  MiiK-.  Chiltern.     ./.  P.  L.  Kt-nny.     (lO)  lU'conls.  Vol.  IV..  Part  2. 

Royal  JJenrgi-  Tin  Mine.  3Iitta  .Mitta.     J.  P.  L.  Kenny.     (10)  U4'conl<.  Vol.  IV..  Part  2. 

The  Victory  Mine.  (;h-u  Wills.     .J.  p.   h.  Kenny,     (loi   R.'conl8,  Vid.  IV.,  Part  2. 

Iron  Ore  at  Nowa  Nowa  and  .Mount   I'ara.     O.  \.  L.  Whitelaw.     (10)  Ri'conls,  Vol.  IV.,  Part  2. 

Recent  Mining  in  Croujingi>loiiv'.      H.    Herman.     (10»   Recorda,   Vol.   IV..   Part   2. 


LIJ5UAKV. 

luin.     S.   Kvaiis.     ("28)  May.   UVJO.     Disoussion  :   Jiim-.    li)2(). 
.n  In-lustrial  Minonils.     H.Dunstun.     (13)  Urol.  Survey  rublicatioii  No.  268. 
.-      ;-■  -J  in  Inanstri:v)  Mineral?.     B.  Dunstan.     (13)  Gool.  Survey  l»iil>lication  No.  268. 
iM  Inaustrial  Minerals.     1?.  Duastan.     (13)  (?col.  Survey   Puhlicutioii  No.  268. 
•  ;<.|.iruK|.     C.  C.  Morton.     (2)  Jnly   15.   1020. 
>  .>P|vr  Mine.  Cloueurry.     H.    Dunstan.     (2)   .July   15.    102u. 
iu   Hini^.     (2)   Auji.   14.   1020. 
:u-   by   FTotl>  J.ul»rication.     (2)  Sept.   15.   1020. 
-    '-iirinK  Appllanci»s.     (2)   Sept.   15,   1020. 
Kuiis.     A.   MontiTDinery.     (42)  June  30,  1920. 
Hugh  S.  Spt'iice.     (17)  .Mines  Brunch,  Xo.  511. 
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MINUTES    OF    .AIEETINGS. 


OF   THE    INSTITUTE. 

First  Ordinary  Meeting,  ITtli  December,  1920. — 1  p.m. 

Mr.  George  Weir  in   the    chair. 

The  Secretary  read  the  notice  convening  the  meeting. 

Minutes  of  the  Annual  Meeting  held  on  30th  January,  1920, 
were  confirmed. 

The  chairman  appointed  Messrs.  A.  D.  Mackay,  Gerald  Young, 
and  Wm.  Baragwanath  scrutineers  to  examine  ballots  on  the 
question  of  the  adoption  of  tlie  Memorandum  and  Articles  of 
Association  as  per  resolution  contained  in  Circular  No.  5. 

The  scrutineers  reported  that  the  ballot  paper  showed  that 
members  voting  were  unanimously  in  favor  of  the  adoption  of 
the  Memorandum  and  Articles  of    Association. 

The  chairman  then  declared  the  adoption  of  the  New  Consti- 
tution, and  subscribed  the  Memorandum  and  also  the  Articles 
of  Association  for  the   purpose  of  identification. 


Izii  MINUTES. 

OF    THE    EXECUTIVE    COMMITTEE. 

(Summary.) 

October  6th,   1920—1  p.m.     (Special  Meeting). 

Resolved  that  tlie  Annual  Meeting  be  held  on  Friday,  January 
31st,  but,  if  the  new  Rules  were  adopted  at  the  Ordinary 
Meeting  on  17th  December,  the  Annual  Meeting  be  held  in 
March,  as  provided  by  new  Rules. 

Delegates  were  appointed  on  the  Council  of  the  Hobart 
Meeting  of  the  Australasian  Association  for  the  advancement  of 
Science. 

Resolved  that  opinions  of  all  Members  of  Council  be  obtained 
on  the  question  of  the  eligibility  of  mining  and  metallurgical 
accountants  as  Members  and   Associate  Members. 


November  1st,  1920 — 1  p.m. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £79  passed  for  payment. 

Leave  of  absence  from  Council  Meetings  was  granted  to  Mr. 
Colin  Fraser  to  enable  him  to  visit  New  Zealand. 

Nomination  of  Mr.  James  Conway  as  a  member  was  submitted 
and  consideration  thereof  deferred.  Nomination  of  Mr.  J.  A. 
Dunn  as  an  Associate  Member  was  approved. 

The  following  were  admitted  to  the  Institute  as  members: — 
Messrs.  L.  Venn  Brown,  W.  H.  Campbell,  Josiah  Crabb,  George 
Dey,  Alex.  Robt.  Graham,  Joseph  Grigg,  C.  Sidney  Honman, 
Wm.  Parsonage,  Goiders  Walls,  and  Peter  Joseph  Walsh.  As 
Associate  Members — Messrs.  Wm.  T.  Anderson,  Wilfred  Ray 
Broad,  Richard  Gardiner  Casey,  Gordon  Escott  Gabriel,  Harold 
F.  Pearson,  and  Harry  Vernon  Pethe])ridge.  Transfer  from 
Associate  Member  U)  Member — Mr.  Victor  Arnold  Haig.  As 
Student— .Mr.  R.  G.  fJolman. 

A  paper  by  Mr.  W.  H.  Corbould,  entitled  "A  Proposed  Copper 
M«-ti|llurgical  Process,"  was  submitted  and  referred  to  the  Publi- 
cation Committee. 
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Tlie  allocation  of  the  Donation  Fund  was  deferred  pending 
the  acceptance  of  the   new  Constitution. 

The  advisability  of  co-opeiating  with  the  Institution  of 
Engineers  of  Australia  in  the  matter  of  the  registration  of 
Engineers  was  discussed. 


November  29th,  1920 — 1  p.m. 

The  Secretary's  report  was  presented  and  accounts  to  the 
amount  of  £17   passed  for  payment. 

Resolved  that  War  Savings  Certificates  maturing  on  15th 
December   remain  in  Commonwealth  Bank  for  safe  custody. 

Applications  for  admission  to  the  Institute  from  the  following 
were  approved  ; — As  Members — Messrs.  William  Ernest  Barron, 
Percy  Rawlings  Osborne,  and  William  Nelson  Cranz.  As  Associate 
Members — Messrs.  William  Gray,  John  Noall,  and  Charles  George 
Lanfear  Thompson. 

Opinions  of  a  number  of  members  of  Council  in  respect  to 
the  suggestion  that  Accountants  of  large  mining  and  metallur- 
gical corporations  be  admitted  to  the  Institute  were  submitted, 
but  decision  thereon  was  deferred  pending  replies  from  all 
members. 

In  regard  to  a  memorandum  from  the  Broken  Hill  Branch  on 
the  subject  of  legislation  in  New  Zealand  concerning  the  with- 
drawal from  use  of  reciprocating  rock  drills  and  the  possible 
introduction  of  such  legislation  in  the  Australian  States,  it  was 
resolved  that  enquiry  be  made  and  steps  be  taken,  if  necessarv, 
to  oppose  the  compulsory  adoption  of  any  particular  kind  of 
drill.  The  opinion  was  expressed  that,  provided  a  satisfactory 
result  was  obtained  and  conditions  fulfilled,  the  choice  of  drill 
should  be  left  entirely  to  the  management. 

Direction  was  given  regarding  the  issue  of  final  notice  to 
members   in  arrears  of   subscriptions. 

Other  routine  business  was  transacted. 


Ixiv  MIXUTES. 

Decemhek  22x0.  1020—1  p.m. 

The  chairman  of  the  First  Ordinary  Meeting  held  on  17th 
inst.,  rejHirted  that  members  had  decided  unanimously  by  ballot 
to  adopt  the  new  Constitution.  Directions  were  then  given  in 
repanl  to  notifying  members  by  circulars  of  this  fact. 

Five  subscribers  to  the  Memorandum  of  Association,  in  accor- 
dance with  the  Companies  Act,  were  nominated. 

Resolved  that  the  Annual  Meeting,  1921,  be  held  on  21st 
March  in  accordance  with  Article  85. 

An  Executive  Committee  was  appointed  as  provided  in 
Article  Gl. 

Standing  Committees  were  also  appointed. 

The  Secretarv's  report  was  presented  and  accounts  to  the 
amount  of  £U:5.  including  Printing,  £82,  salaries  and  accom- 
modation, £50,  were  passed  for  payment. 

Resolved  that  Mr.  C.  C.  Klug  be  appointed  to  represent  the 
Institute  on  the  Engineering  Faculty,  Melbourne  University, 
subject  to  his  acceptance. 

It  was  reported  that  Mr.  J.  A.  Dunn  (Student  Member)  had 
been  appointed  a  Frecheville  Fellow^  of  the  Royal  School  of 
Klines  for  Research  into  Relation  existing  between  Country  Rocks 
and  Enclosed  Deposits. 

The  nomination  of  Mr.  Loftus  Hills  as  a  member  was  approved, 
ako  that  of  Mr.  E.  E.  G.  Boyd  as  an  Associate  Member. 

The  resignation  of  Mr.  R.  Bert  Millett,  on  account  of  his 
ha\ing  severed  his  connection  wnth  the  mining  industry,  w^as 
accepted. 
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NOTICES. 


The  rooms  of  the   Institute  are  open    from  9  a.m.    to  5  p.m.    daily,  except  Sundays  and 
Public  Holiays. 

MEMBERSHIP. 

Since   the  last  issue  of    Proceedings,   the  following  have    been 
admitted  to  the  Institute  : — 

Members. 
Nam  ex  and  Addretxes. 

Brown,  Lionel  Venn.  Ocean  House,  Moore  Street,  Sydney,  N.S.W. 
Campbell,  William  Horace,  c/o   Broken  Hill  Associated   Smelters 

Ltd.,  Port   Pirie,  S.A. 
Crabb,  Josiah,   Southern  Cross,  W.A. 
Dey,  George,  Bcalinoral  Road,  Port  Pirie,  S.A. 
Graham,  Alexander  Robert,  State  Coal  Mine,  Wonthaggi,  Vic. 
Grigg,  Joseph,  Sungei  Lembing,  Pahang,  Federated  Malay  States. 
HoNMAN,  C.  Sidney,  Hannan's  Club,  Kalgoorlie,  W.A. 
Parosnage,  William,  State  Coal  Mines,  Runanga,  Greymouth,  N.Z. 
Walls,  Goiders,  Devenport  West,  Tas. 
Walsh,   Peter    Joseph,  c/o  Broken  Hill  Associated  Smelters  Ltd., 

Port  Pirie,  S.A. 

Transfer  froni  A^'sociate   Member  to   Member. 

Haig,     Victor   Arnold,    Broken    Hill  Proprietary  Block  10    Ltd., 
Broken  Hill,  X.S.W. 

Associate   Members. 

Anderson,  W^illiam  Thomas,   "Chfton,"   Ben  Boyd  Road,  Neutral 

Bay,  Sydney,  X.S.W. 
Broad,  Wilfred  Ray,  British  Broken  Hill  Proprietary  Co.,  Broken 

Hill,  X.S.W. 
Casey,  Richard  Gardiner,   125  WiUiam  Street,  Melbourne,  Vic. 
Gabriel,    Gordon     Escott,    327    Bromide     Street,    Broken    Hill, 

N.S.W. 
Garxett,  Robert  Kay,  554  Chappie  Street,  Broken  Hill,  X.S.W. 
Pearson,   H ahold  Ford,  288  Oxido  Street,  Brokou  Hill,  X.S.W. 
Pethebriuge,  Harry   Vernon,    Main  Road,  Moonah,  Hobart,  Tas. 

Sluiltnt. 
Colman,  William   H.  (i.,  Uppor  Sturt,  S.A. 
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Applications  for  admission  to  the  Institute  have  been  received 
from  the  following  : — As  Members — William  Ernest  Barron, 
Rluxlesia,  Broken  Hill  D.  Co.,  Broken  Hill  or  Rhodesia  ;  AVilliam 
Nelson  Cranz,  c/o  Broken  Hill  Proprietary  Ltd.,  Broken  Hill, 
N.S.W. ;  lioftus  Hills,  Geological  Survey  Office,  Launceston, 
Tm.  As  Associate  Members — Eric  Ewart  Gladstone  Boyd, 
Qucenstown,  Tas. ;  William  Gray,  Anglo-Persian  Oil  Co.,  c/o 
\Miitten  Bros.,  Port  Moresby.  Papua  ;  John  Noall,  c/o  Pahang 
Consolidated  Co.  Ltd.,  Sungei  Lembing,  Kuantan,  Singapore, 
Fed.  Malay  States;  Percy  Rawlings  Osborne,  Port  Moresby, 
Papua ;  Charles  Greorge  Lanfear  Thompson,  c/o  New  Guinea 
Copper  Mines  Ltd.,  Port  Moresby,  Papua. 

PUBLICATIONS. 

The  following  paper  is  included  in  this  issue  :  — 

Treatment  of  Wolfram.  Hisrauth  and  Molybdenite  Ores   at  Hurma-Queens- 
land  Corporation  Mill.  Wolfram,  Queensland.     Hy  W.  H.  Powater. 

NEW    CONSTITUTION. 

* 

As  rt-portod  Ijy  circular  No.  G  the  ballot  for  the  adoption  of 
the  new  constitution  took  place  at  the  ordinary  meeting,  held  on 
17th  December,  and  resulted  in  the  unanimous  adoption  of  the 
Memorandum  and  Articles  of  Association.  AppUcation  for 
registration  was  immediately  made,  and  it  is  anticipated  that  a 
certificate  of  incorporation  will  very  shortly  be  granted. 

ANNUAL    MEETING,    192L 

The  Annual  Meeting,  1021,  will,  in  accordance  with  the  new 
constitution  (Articles  .'57  &  35),  l)e  held  on  21st  March. 
The  buMinfKH  of  the  meeting  will  include  the  presentation 
of  the  Annufil  Report  and  Balance-Shect,  and  the  election 
of  Auditor. 

FRECHEVILLE    FELLOWSHIP. 

The  Institute  was  notified  during  December  that  Mr.  J.  A. 
Dunn  (Student)  liad  Wn  appointed  a  Frechevflle  Fellow  of  the 
Royal  School  of  Mines,  the    nature    of  the  research  work   he  is 
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expected  to  carry  out  being  the  relation  between  country  rocks 
and  enclosed  deposits.  Particulars  of  this  Fellowship  were 
supplied  by  the  Aus.  I.  ^I.  M.  to  all  members  and  to  Mining 
Schools  throughout  Australasia. 

LOCAL    CORRESPONDENT. 

Mr.  W.  G.  Langford  has  been  appointed  Local  Correspondent 
for  Papua.     His  address  is  Vailala  Oil  Fields,  Papua. 

MOVEMENTS    OF    MEMBERS. 

W.  Baragwanath  now  occupies  the  position  of  Director  of 
Geological  Survey  of  Victoria.  He  was  formerly  Senior  Field 
Geologist,  and  has  been  Acting  Director  since  the  retirement  of 
Mr.  H.  Herman. 

B.  V.  Barton  has  been  appointed  Mining  Superintendent  of 
the  Bendigo  Amalgamated  Gold  fields  during  the  absence'  of  the 
General  Manager,  Mr.  A.  H.  P.  Moline. 

Gordon  L.  A.  Ditchburn,  formerly  of  the  Pahang  Consolidated, 
is  now  with  the  Yukon  Dredging  Co.,  10  Loke  Yew  Bldgs. 
Kuala  Lumpur,  F.M.S. 

H.  Herman,  formerly  Director  of  Geological  Survey,  Victoria, 
and  now  Engineer  for  Bri(pietting,  Victorian  Electricity  Com- 
mission, will  sliortly  visit  Germany  for  the  purpose  of  purchasing 
briquctting  plant  to  operate  at  Morwell,  Vic. 

G.  Mc  L  Hunter  severed  his  connection  with  the  Central  Mine, 
Broken  Hill,  to  take  up  a  position  with  the  Electrolytic  Zinc 
Co.  of  Australasia  Ltd.,  Risdon,  Hobart,  Tas. 

A.  C.  Julius  has  left  the  C.S.A.  Mine,  Cobar,  and  is  now  at 
the  Ottery  Mine,  Tent  Hill,  N.S.W. 

Arthur  Moline,  General  Manager  of  the  Bendigo  Amalgamated 
Goldfields,  N.Z.,  is  visiting  America. 

Leslie  H.  Ower,  of  the  Mines  Dept.,  .Melbourne,  has  accepted 
a  position  with  the  Imjxjrial  Government  to  take  charge  of  the 
(ieological  Survey  of  British   Honduras. 

If.  Rickleman,  of  the  Electrolytic  Refining  and  Smelting  Co., 
Port  K(  mbla,  N.S.W.,  has  returned  from  a  visit  to  America. 
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J.  B.  Shaw  has  returned  to  Australia.  His  address  is  c/o 
The  Union  Bank  of  Australia,  Pitt  Street,  Sydney. 

H.  S.  Weigall,  who  retired  from  the  Army  in  May  last  with 
the  rank  of  Lieut. -Colonel,  is  now  General  Manager  of  the  Taio 
Gold  Mining  Co.,  Ltd.,  Nakatsue  Mura,  Hida  Gun,  Oita  Ken, 
Kyushu.  Japan. 

D,  Yates  is  with  the  Broken  Hill  Proprietary  Co.  Ltd., 
Newcastle,  N.S.W.  Ho  enlisted  with  the  First  Australian 
Tunnelling  Co.,  and  attained  the  rank  of  Captain. 

OBITUARY. 

Maurice  Osric  Copland  (Member),  B.M.E.,  principal  of  the 
Ballarat  School  of  Mines  and  Technical  School,  died  on  July 
31st,  at  the  age  of  40  years,  after  a  short  illness.  He  was  a 
graduate  of  the  Melbourne  University,  and  had  practical 
experience  in  mining  in  the  Walhalla  district  (V),  on  the  Rand, 
and  in  Western  Australia.  Going  from  the  Kalgoorlie  School 
of  Mines  to  Ballarat,  about  four  years  ago,  Mr.  Copland  took 
great  interest  in  experiments  to  test  the  suitability  of  Victorian 
cla\*s  for  the  manufacture  of  white  earthenware.  He  gave 
enthusiastic  assistance  in  the  establishment  of  repatriation  classes 
at  the  Ballarat  School  of  Mines. 

Philip  a'M.  Parker  (Associate  Member)  B.C.E.,  died  at  Kuala 
Lumpur,  Federated  Malay  States,  on  4th  August,  1920.  Mr. 
Parker  left  Australia  some  years  ago  to  occupy  a  position  with 
the  firm  of  J.  A.  Russell  &  Co.,  of  Kuala  Lumpur.  He  was 
with  that  firm  at  the  time  of  his  death. 


VISIT  OF  THE   PRINCE    OF  WALES. 

During  the  visit  of  the  Prince  of  Wales  to  Australia,  an 
addres.s  of  welcome,  on  behalf  of  the  Institute,  was  presented 
Ui  Hw  Royal  Highness.  A  photo  of  the  address,  which  was  of 
ex(\\iW\te  coloring  and  desi^m,  is  reproduced  herewith.  The  follow- 
ing acknowledgment,  on  behalf  of  the  Prince,  was  subsequently 
received : — 
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Melbourne, 

28th  May,  li»20. 
The  President, 

Australasian  Institute  of  Alining  and  Metallurgy. 
Sir, 

I  am  directed  by  the  Prince  of  Wales  to  convey  to  you  his 
sincere  thanks  for  the  loyal  address  of  welcome  presented  by 
you  yesterday  on  behalf  of  the  Australasian  Institute  of  Mining 
and  Metallurgy.  His  Royal  Highness  is  very  sensible  of  the 
important  service  done  by  the  mining  engineers  and  metallurgists 
of  the  British  Empire,  and  knows  that  they  have  played  an 
important  part  in  developing  the  mineral  wealth  of  Australia. 
He  thanks  you  for  your  good  wishes,  and  will  be  happy  to 
convey  your  assurances  of  devotion  to  His  Majesty  the  King. 

I  am. 

Your  obedient  servant, 

(Sgd.)  E.  W.  M.  GRIGG, 
Lieut.  Colonel, 
Secretary  to  H.R.H.  the  Prince  of  Wales. 
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LIST   OF    PUBLICATIONS    ADDED    TO   THE    LIBRARY 
From  30th  September,  1920  to  31st  December,  1920. 

Aastralian  Miiiiiiixand  En,ii:ineeriiig  Review 

Indastrial  Australian  »fc  Mining  Standard - 

Enjfineering  and  Mining  .Ii)iirnal   - 

Iron  and  Coal  Trades  Review 

Mining  and  Engineering  World     - 

Mining  Magazine 

Indian  Engineering 

Chtniical  News      _  .  -  - 

South  African  Engineering 

Journal  of    Industrial    and    Engineering 

Chemistry 
Society  of  Chemical  Industry  :  Journal 
Chemical,  Metallurgical  and  Mining  Society 

of  South  Africa  :  Journal 
Franklin  Ir)Stitute  :  Journal 
Institution  of  Mechanical  Engineers  :  Journa 
Clianiber  of  Mines  of  Western  Australia  : 

Journal  .  .  .  - 

The  Wfst  Australian  Mining,  Building  and 

Engineering  ilournal  -  -  - 

Que^nhlaiid  l>e{)artinenl  of  Mines  : 

Government  Mining  Journal  - 
Transvaal  Chamber  of  Mines  : 

Monthly  Analysis  of  Gold  Production 
Rbode»ia  ('hamber  of  Mines  : 

Report  of  Executive  - 
Universiiy  of  Melbourne  : 

Calendar.  1921 
Department  of  Mines,  New  South  Wales  : 

Heci.rd^  Vol.  IX.,  Pare  IV.  - 
Department  of  Education  : 

Technical  Ga/^tte.  Vol.  X.,  Part  [      - 
institation     of     Engineers     of     Australia 
Division) : 

Tramway    Permanent    Way    Construction,    by    J. 
fiowman 

Recent    Dovf-loi.ments    in    J-^lectrical    Engineering 

Practice    in     the    United    States,    by    .1.     H. 


monthly  - 

Melbourne 

weekly 

Melbourne 

weekly 

New  York 

weekly 

London 

weekly     - 

Chicago 

monthly  - 

London 

weekly 

Calcutta 

weekly     - 

London 

monthly  - 

J^ondon 

monthly   - 

E  as  ton,  Pa. 

bi-monthly 

London 

monthly  - 

Johannesburg 

bi-monthly 

Philadelphia 

1     monthly 

London 

quarterly  - 

Kalgoorlie 

weekly 

Perth 

monthly  - 

Brisbane 

- 

Johannesburg 

monthly  - 

Bulawayo 

- 

Melbourne 

. 

Sydney 

(Adelaide 


Sydney 


lirook 


man 


Adelaide 
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Department  of  Mines,  South  Australia  : 

Mining  Review  for  Half- Year  ended  .June  30,  1920  - 
Department  of  Mines,  Queensland  : 

Annual  Report,  1919 

GeoloL,^ical  Survey,  Publication >,  No.  209 
Department  of  Mines,  Western  Australia  : 

Report  on  the  Manganese   Deposits  at  Horseshoe 
Range,  Peak  Hill  Goldfield,  by  A.  Montgomery 
Department  of  Mines,  Tasmania  : 

Annual  Report,  1919 
New  Zealand  Institute  : 

Transactions  and  Proceedings,  Vol.,  LIl. 
Department  of  Mines,  New  Zealand  : 

Geological  Survey,  Bulletin,  No.  21     - 
New  Zealand  Journal  of  Science  and  Technology : 

Journal,  No.  4  ,  -  - 

Institution  of  Mining  and  Metallurgy  : 

Bulletins,  Nos.  181-194 
Institut-fon  of  -Mining -Ei>gif*«€rs  : 

Transactions,  Vol.  LIX.,  Parts  4  and  5 
Geological  S()cieiy  : 

Quarterly  Journal  Nos.  300  and  301   - 
Geologists'  Association  : 

Proceedings,  Vol.  XXXI.,  Part  3       - 
Societe  des  Ingeneiurs  Civils  de  France  : 

Memoires,  8th  Series,  Nos.  1,  2  and  3 
Annales  des  Mines  : 

Vol.  IX.,  I'art  6,  Vol.  X.,  Parts  7  and  8 
Mining  and  Geological  Ii.stitute  of  India: 

Transactions,  Vol.  XV.,  Part  1 
Geological  Survey  of  Alabama  : 

Bulletin,  Nos.  19-22 

Special  Report,  No.  11  - 

Department  of  Mines,  Ontario  : 

Annual  Report,  Vol.  XXIX.,  Pari  3- 
Amerlcuu     Institute     of     Mining     and 
Engineers  : 

Bulletin.  Nos.  105  and  100    - 
California  State  Mining  Bureau  : 

Bulletin,  Nos.  80  and  87 


Metallurgical 


Adelaitle 

Brisbane 

Pertb 

Hobart 

WellingtoD 

Wellington 

Wellington 

London 

London 

London 

London 

Parii 

Paris 

Calcutta 

Alabama 
Toronto 

New  York 
Sacrauiento 
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RECENT     ARTICLES    ON     MINING     MATTERS. 

(30th  September,  1920,  to  31st  December,  1920). 

SoTK.—Thiji  list  is  prepared  for  the  purpose  of  placing  before  members  the 
titUs  of  the  more  important  papers  appearing  in  the  usual  publications  conceriied 
with  whining  engineering,  metallurgy,  Sc.  due  regard  being  Jiad  to  Anstralasian 
requirements. 


LIST    OF    PUBLICATIONS. 


»eji 


oittH  by  the  number  prefixed  to  each  publication  in  the  attached  Hft.     Wk.,  tceeHy 
mth.,  monthly. 

(22)  Reports     Aust.     Assoc.     Adv.     Science, 
Sydney,  New  Soul^h  Wales. 

(23)  Transacliom  and  Proceedings,  New  Zea- 
land Inst.,  Wellington,  New  Zealand. 


(1)  The  /mdiitri'tl  Austraiian  .(  Mining  Stan- 
4mr^,   Melbourne,  Victoria,  wk.,  6d. 

(tl  Tk4  QHttntand  GocernmefU  Mininj  Jour- 
nml,  UristMinc,  mMi.,  G*!. 


(3)  MeUUurTica:  and  Chemical   Knffineering. 

New  York,  mth.,  -5c. 

(4)  Tkt  Mtminj  Journal,  London.  E.G.,  wk., 

6d. 

(5)  Uimim^  mttd  Enjineeritij  World,  Clucago. 

wk..  10c. 

(6)  Tkt    Etufintrrim    and    Mininj    Journal, 

New   York.  wk..   15c. 

(7)  Tkt    Colliery    Enjineer,    Scranton,    Pa., 

UJ.A..  mth..  20c. 
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NOTES  ON  THE  WORK  OF  AN  AUSTRALIAN  TUNNELLING 

COMP.VNY  IN  FRANCE. 

By  0.  H.  Woodward. 

Foreword. 

It  i.s  intended  in  this  paper  to  present  in  broad  outline  to  the 
mcnil)ers  of  the  Institute  a  sliort  account  of  the  conditions  and 
operations  that  constitute  what  is  variously  known  as  Sub- 
terranean Warfare,  Military  Alining,  or  Tunnelling. 

Realizing  the  magnitude  of  the  operations,  and  the  varied  and 
minute  details  met  with  in  them  on  the  Western  Front,  it  is  the 
writer's  intention  to  confine  these  notes  to  operations  carried  out 
by  the  Ifirst  Australian  Tunnelling  Company.  In  so  doing  there 
is  no  wisli  to  detract  from  the  very  fine  records  of  the  Second 
and  Third  companies  It  is  to  be  hoped  that  members  of  the 
Institute  (or  others)  who  were  with  these  companies  will  write 
accounts  of  their  doings — the  former  in  the  water-logged  areas 
to  the  south  of  Armenticres,  and  later  in  the  sand-dunes  at 
Loni])ar(lzeo,  and  the  latter  in  the  chalk  area  of  the  Lens  coal- 

[This  pap<T  1.1  Heparately  bound,  and  mny  hf,  if  so  d«*sired.  (U-laohcd  complete  from 
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field.  Tlie  conditions  under  which  these  companies  worked 
were  verv  different  from  those  of  the  First  Tunnelling  Company, 
and  it  would  be  presumptuous  for  an  ofl&cer  of  any  individual 
company  to  attempt  to  describe  the  operations  of  all  three. 

Historical. 

The  student  of  the  Great  War  is  forced  to  realize  that  "  the 
spade  and  the  power  of  the  spade  have  played  a  leading  part 
from  the  very  first  day."  It  was  very  early  in  the  war  that 
(j^neral  Lemain  had  to  cut  trenches  across  the  sectors  between 
the  Lietre  forts.  Trench  warfare  may  be  said  to  have  commenced 
in  deadly  earnest  after  the  battle  of  the  Aisne.  Once  this  phase 
of  warfare  had  been  reached  conditions  began  somewhat  to 
resemble  fortress  warfare.  We  find  that  all  points  possessing 
natural  tactical  advantages  in  that  practically  continuous  line 
of  trench  from  the  flats  of  Western  Flanders  into  Alsace,  to  within 
sight  of  the  Rhine,  were  converted  into  veritable  fortresses  by 
the  enemy.  As  the  result  of  this,  and  to  cope  with  his  advan- 
tageous position,  the  Allies  commenced  their  mining  operations 
on  a  very  elementary  scale  compared  to  that  into  which  they 
eventually  evolved.  It  was  about  the  middle  of  1915  that  the 
Imperial  authorities  accepted  Australia's  offer  to  send  over 
mining  men.  The  establishment  of  the  Mining  Corps  was  the 
result. 

This  corps  was  in  active  training  in  the  latter  part  of  1915  under 
the  command  of  Lieut. -Col.  A.  C.  Fewtrell,  with  Major  T.  W.  E. 
David  as  Officer  in  Charge  of  the  Technical  Headquarters  Staff. 

The  corps  embarked  at  Sydney  on  20th  February,  1916,  and 
landed  at  Marseilles  on  5th  May,  where  it  entrained  and  finally 
reached  Hazebrouck  on  8th  May.  On  arriving  at  Hazebrouck 
the  corps  came  under  the  administration  of  the  Controller  of 
Mine^.  of  the  Second  Army  B.E.F.  It  was  then  found  that  the 
establLnhmcnt  of  our  corps  did  not  conform  to  that  of  existing 
tunnelling  unitij  on  the  western  front.  To  conform  with  these, 
we  found  tliat  we  had  to  forfeit  our  status  as  a  corps.  Lieut.-Col. 
Fewtrell  wa.-?  traasferred  to  an  A.I.F.  Tioneer  Battalion  as  CO., 
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and  Major  David  to  general  headquarters,  where  he  took  charge 
of  the  whole  of  the  geological  work  of  the  British  army  ;  and  the 
three  companies  comprising  the  corps  were  formed  into  separate 
companies,  operating  entirely  under  the  control  of  the  Mines 
Department. 

No.  1  company  was  allotted  the  sector  on  either  side  of  the 
River  Lys,  from  Ploegstraat  Wood  on  the  north  to  Houplines  on 
the  south,  with  headquarters  at  Armentieres. 

No.  2  company  was  allotted  the  sector  in  the  water-logged  area 
to  the  south  of  Armentieres,  with  headquarters  at  Sailly. 

No.  3  company  was  allotted  the  chalk  area  in  the  Lem>  coalfield, 
with  headquarters  at  Neux  la  Mines. 

The  three  companies  were  actively  engaged  in  military  mining 
by  15th  May,  1910. 

From  this  date  reference  will  be  made  only  to  the  work  of  the 
First  Tunnelling  Company,   A.I.F. 

From  the  15th  May  to  20th  May  the  company  was  attached 
to  the  First  Canadian  Tunnelling  Company  for  instruction  in 
underground  warfare.  On  the  27th  May  it  assumed  control  of 
mining  operations  on  tlie  front  extending  from  Ploegstraat  Wood 
to  Houplines — a  distance  of  about  three  miles.  The  operations 
were  largely  confmed  to  defensive  mining,  though  in  Ploegstraat 
Wood  a  combination  of  offensive  and  defensive  mining  was  in 
operation,  with  large  mines  under  the  German  positions  at 
Factory  Farm  and  The  Birdcage. 

The  company  remained  on  this  sector  imtil  the  end  of  October, 
1916,  when  it  was  moved  north  and  relieved  the  Third  Canadian 
Tunnelling  Company  at  that  historic  spot,  Hill  (iO.  It  speaks 
well  for  the  Australian  miners  that,  after  such  a  short  apprentice- 
sliip,  the  Higher  Command  could  entrust  them  with  the  care  of 
one  of  the  largest  and  most  important  mining  systems  on  the 
western  front.  Here  we  remained  until  after  the  battle  of 
Mcssines  Ridge,  in  June,  1917,  which  j)ractically  ended  the 
mining  opcrationc*  of  the  Second  Aiiiiy  B.E.F.  Kill  GO  had  such 
a  sinister  reputation  that  tunnelling  companies  generally  remained 
for  only  six  months  on  the  work.     However,  as  the  handing  over 
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of  such  a  mining  system  as  that  existing  here  was  a  difficult  task, 
and  not  without  risk  to  the  safety  of  the  system,  our  company 
remained  in  charge  until  the  mines  were  fired. 

It  is  not  the  wish  of  this  company  to  claim  more  than  a  fair 
share  of  the  success  of  these  mines.  The  credit  lies  with  every 
tunnelling  company  which,  at  various  times  from  1914  to  1917, 
had  control  of  the  system.  The  excellent  supervision  of  the 
Mines  Department  of  the  army  resulted  in  a  continuity  of  opera- 
tions which  culminated  in  an  awe-inspiring  explosion  at  3.10  a.m. 
on  7th  June,  1917.  At  this  hour  the  formidable  fortress  of 
Hill  60  was  blotted  out,  and  that  well -remembered  and  well-hated 
Ypres  salient  ceased  to  exist. 

There  is  little  doubt  that  the  rapidity  v/ith  which  the  German 
fortress  area  on  the  Messines  Ridge  fell  into  our  hands  can  be 
laid  to  the  credit  of  the  tunnelling  companies,  with  their  19  mines 
charged  with  over  GOO  tons  of  liigh  explosive. 

After  the  cessation  of  active  mining  in  1917  the  tunnelling 
companies  were  allotted  duties  similar  to  those  of  the  field 
companies  of  engineers  and  Pioneer  battalions  ;  but  these  opera- 
tions are  not  within  the  scope  of  the  present  article. 

Tunnelling  Company  Organization. 

The   original  establishment  of  a  tunnelling  company   was   360, 
all  ranks.     Later  it  was  increased  to  750,  all  ranks.     This  was  the 
reason   whv   the    1th.   5th.   and    6th   tunnelling  companies    were 
absorl>ed  by  the  1st,  2n(l.  aiul  .'Jrd  companies  respectively. 
Command.  Rank. 

(Officer  Conunanding        .  .  .  .  .  .      .Major. 

•Second  in  Command        ..  ..  ..      Ciij)tain. 

Adjutant  and  Quartermaster       .  .  .     Captain. 

Officers  commanding  sections    ..  Cai)tain. 

Section  officere  .  .  .  .     Jiieutenants. 

Section  S^Tgeants  Staff  Sergeant. 

iSquad  Sergeants  .  .  . .  . .     Sergeants. 

Each  section  was  an  iiidcpondent  unit,  with  a  strength  of  one 
captain,  tlirec  lieutenants,  and    170  other  ranks. 
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When  operating  as  a  whole,  as  in  Hill  iyO,  the  company  was 
divided  into  a  right  and  left  half-company,  two  sections  in  each  ; 
one  half-company  operating  in  the  trenches  and  the  other  resting 
and  training  in  headquarters  camp.  The  tour  of  duty  in  the 
trenches  was  for  four  days,  and  each  section  comprising  the  half- 
company  in  the  line  relieved  each  other  every  six  houi-s. 

Military  Mining. 

Military  mining  may  be  divided  into  two  sections,  though  the 
line  of  demarcation  is  never  really  clearly  defined. 

Section  1,  Defensive  Minitig. — As  the  name  implies,  this  class 
of  mining  aims  chieflv  at  the  construction  of  an  underground 
mine-system  with  the  primary  object  of  protecting  our  own 
system  of  defence-works.  The  section  of  trench  to  be  defended 
is  chiefly  governed  by  information  gained  of  the  enemy's  operations 
by  aeroplane  photos,  and  by  careful  watching  of  his  front  with  the 
aid  of  the  periscope.  The  transition  from  a  system  of  defence- 
mining  to  a  combination  of  defensive  and  offensive  mining  depends 
solely  on  the  operations  of  the  enemy,  provided,  of  course,  that  our 
own  tactical  requirements  do  not  call  for  offensive  mining. 

Briefly  stated,  defensive  mining  consists  of  constructing  a  main 
lateral  gallery  running  approximately  parallel  to  our  own  front 
trench,  and  situated  in  '"  No-Man's  Land  "  at  such  a  distance  as 
to  prevent  mines  having  eft'ect  on  the  trench  system  proper. 

From  several  points  in  the  front  line  trench  or  communication 
trenches,  shafts  (either  vertical  or  inclined)  were  sunk  at  from 
100  to  200  ft.  intervals,  and  fiom  them  drives  were  jnit  out 
towards  the  enemy  lines.  These  drives  were  then  connected  by 
crosscuts,  which  formed  the  main  lateral  gallery.  Then  at 
intervals  of  about  TA)  ft.  listening  posts  were  driven  off  this  main 
lateral  gallery  towards  the  enemy  lines  and  carried  out  to  such 
a  distance  as  to  ensure  the  protection  of  the  main  lateral  fnnn 
the  effect  of  enemy  blows.  When  this  point  was  reached  the 
listening  post  was  driven  at  right  angles  to  the  left  and  right, 
and  these  T  heads  were  carried  towards  each  other  to  ensure  that 
th<^  area  JKitween  .should  b  >  imdor  control  by  a  coimter  mine  fired 
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from  iMtluM  listening  post.  Generally,  to  further  ensure  this, 
four  holes  about  S  in.  diani.  were  put  in  to  carry  a  charge  of 
from  1(X)  to  200  lb.  of  high  explosive  placed  in  a  torpedo. 

The  depth  of  this  (U^fence  system  in  Flanders  was  governed  by 
the  water-level,  and  was  usually  about  18  ft.,  leaving  a  liead 
cover  of  from  14  ft.  t-o  15  ft. 

The  morale  of  all  troops  is  greatly  affected  by  enemy  mines 
being  blown  under  tlieir  trench  system,  even  though  with  shallow 
mines  the  result  obtained  may  not  be  greater  than  an  enemy 
shell  of  large  calibre. 

Fig.  1  gives  the  lay-out  of  a  theoretical  system  of  defensive 
mining. 

Scclion  2,  Offensive  Mining. — Offensive  mining  has  for  its  aims 
the  jicnetration  of  the  enemy's  line  and  the  laying  of  charges 
under  important  tactical  positions  of  such  size  as  to  completely 
wreck  them  and  form  craters  for  the  attacking  infantry  to  con- 
solidate. 

It  naturally  follows  that  depth  is  an  essential  to  the  production 
of  craters  of  large  dimensions  and  to  a  large  horizontal  area  of 
rupturr.  With  offensive  mining  it  is  always  essential  to  have 
a  defensive  system  above  ground-water  level,  and  it  is  general 

-as  was  the  case  at  Hill  00 — to  establish  an  intermediate  level 
J>ctween  the  defensive  and  deep  offensive  systems.  This  level 
Is  referred  to  as  "  the  fighting  level,"  and  ic  is  generally  attempted 
to  confine  counter-mining  to  this  level  in  order  to  mask  the  work 
in  the  deep  offensive  level.  This  plan  of  attack  proved  highly 
HUC(«v«v>fid  at  Hill  i'A),  as  information  since  gained  shows  that  the 
enemy  did  not  suspect  the  existence  of  the  deep  mining  system 
until  too  late. 

General  Miniruj  Tactics. — Broadly  speaking,  these  very  closely 
resembled  the  fighting  tar;tics  of  above-ground  offensive  tactics. 
ra«c  I.  : — Having  blown  the  enemy  in  a  position  previously 
located  by  meaas  of  careful  listening,  all  effort  is  made  to  recover 
the  fKirtion  of  our  own  damaged  gallery  (the  result  of  the  blow), 
and  to  drive  forward,  skirting  the  disturbed  ground,  with  the  aim 
of  rea/hing  the  enemy  gallery  befon^  he  has  organized  for  its 
rf'<-<ivf'r\ .     In   this  cu-^c   f||(.   initiative;   is  in   our  hands,  and  con- 
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siderable   time   may   be   gained.     Case   II.  : — In   the   event  of   an 
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enemy   blow  wrecking  our  own   i^allery,  tlie  object  i.s  to  rapidly 
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form  an  inUM*inodiato  hiteial  gallery  behind  the  disturbed  zone, 
in  order  to  pi-event  the  enemy  getting  through.  This  accom- 
plished, the  next  st<>p  is  to  drive  a  new  gallery  and  attempt  to  reach 
the  area  in  which  the  enemy  had  blown. 

Brieriv,  Case  I.  can  be  likened  to  storming  the  enemy  position 
and  Case  II.  to  forming  a  yu})port  line,  and  from  there  attempting 
U)  recover  the  lost  ground. 
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Hill  GO. — Descriptive. 

There  is  not  a  battalion  in  the  British  army  that  does  not  know 
the  heap  of  mud  rising  on  the  left  of  the  Ypres-Menin  railway 
line,  where  that  line  passes  through  the  Zandvoorde  ridge.  This 
eminence  derived  the  name  of  Hill  60  from  the  fact  that  the 
60-metre  contour  line  surrounded  the  crest.  In  relation  to  the 
surrounding  country  it  can  scarcely  be  designated  a  hill,  but  it 
was  just  sufficiently  high  to  dominate  the  Ypres  salient  and 
obscure  our  view  of  the  enemy's  back  areas.  Hill  60  lies  about 
2J  miles  in  a  south-easterly  direction  from  the  historic  town  of 
Ypres,  and  almost  at  the  apex  of  the  famous  Ypres  salient. 

Two  other  artificial  mounds  of  earth  rise  in  this  area,  both  on 
the  right-hand  side  of  the  railway  cutting.  The  first,  The  Cater- 
pillar— 80  called  from  its  resemblance  to  that  insect  when  seen 
on  an  aerial  photo. — lay  entirely  in  the  enemy  lines,  and  the 
other.  The  Dump,  lay  in  ours.  These  were  formed  by  the  spoil 
from  the  railway  cutting,  which  is  about  30  ft.  deep.  The  Ypres 
salient  was  a  most  dreaded  spot  to  all  troops,  as  in  most  sectors 
of  itrt  front  the  enemy  could  shell  from  practically  three  sides. 
It  wa«  the  scene  of  some  of  the  most  bitter  fighting  of  the  war, 
and  it  saw  the  first  use  of  poison  gas  by  the  enemy.  The  enemy 
at  all  point8  dominated  (jur  back  areas,  and  troops  moving  in 
and  out  of  our  trenches  had  to  do  so  under  cover  of  darkness. 

From  it*»  jxiHition  it  was  never  a  rest-home,  and  when  om* 
official  Tii]H)rU  recorded  ''  all  (|iiiet  on  the  western  front,"  it  could 
\h-  nHHumcd  without  exception  that  this  did  not  apply  to  the  Ypres 
aalieiit.     It  may  justlv  Ik;  describcfl  as  a  vast  mangled  graveyard. 
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Geology. 

All  tunnelling  companies  were  supplied  with  accurate  geo- 
logical data  compiled  by  Lieut. -Col.  T.  W.  E.  David  and  his  staff. 
This  data  was  a  ^-aluable  guide  in  mining  operations,  as  by  it 
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th<'  variation  of  winter  and  summer  level  of  the  underground 
water  was  shown,  l^y  this  means  the  de})th  to  which  offensive 
calleries  could  l>e  sunk  without  fear  of  striking  wator-boaring 
/one  could  be  estimatcMl.  In  its  geological  structure  Jliil  (io  was 
<om}>osed  entirelv  of  sedimentaries,  and  an  ideal  section  is  as 
«hown  in  Fi*;.  1. 
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A. — Post  Tertiary  alluvials,  "  Campinien,"  consisting  of 
grov  sands  and  greenish-grey  clayey  sands  with  gi'avel  : 
this  bed  wet. 

Ijoxcer  Eocene. 

B. — ^29  ft.,  yellowisli-brown  clayey  sand  :  fairly  dry. 

C. — 18  ft.,  Kenimel  sands  :  wet. 

D. — 12  ft.,  clayey  sand  :  moist. 

E. — 27  ft.,  PanLselien  clay  :  dry. 

F. — (?)  Ypresian  blue  clay  :  dry. 

Mining  Operations.  Hill  GO. 

Hill  (>0  was  the  scene  of  some  of  the  earliest  if  not  actually  the 
first  mining  warfare.  With  the  opening  of  the  spring  campaign 
of  191"),  one  of  the  first  British  movements  was  an  attack  on  this 
Hill.  We  took  it  and  lost  it  again,  and  thereafter  each  side 
commenced  mining  operations  in  deadly  earnest.  Unfortunately, 
the  writer  is  imable  to  give  a  list  of  the  various  English  tunnelling 
companies  whose  wonderful  efforts  pioneered  the  way  to  the 
ultimate  grand  success  of  the  operations  there. 

In  May,  1916,  the  Third  Canadian  Tunnelling  Company  took 
over  this  sector,  and  to  that  company  is  due  the  credit  of  having 
carefully  laid  the  two  mines — one  .under  Hill  60  and  the  other 
under  The  Caterpillar. 

Not  being  in  possession  of  the  plans  of  the  Hill  GO  mining 
system,  it  is  necessary  to  attempt  to  describe  its  essential  details. 

Reference  to  direction  will  be  made  in  relation  to  the  railway 
cuttinj?  looking  towards  the   enemy  lines   (see   map,  Plate  1). 

Conmiencing  in  Bensham  Road — our  immediate  support  line — 
and  about  50  ft.  from  the  railway  cutting,  a  main  adit  6  ft.  3  in. 
by  3  ft.  6in.  in  the  clear,  and  parallel  to  the  railway  cutting,  was 
driven  for  a  length  of  ^300  ft.,  having  at  this  point  head-cover  of 
approximately  20  ft.  Here  a  shaft-chamber  was  excavated,  and 
the  main  Berlin  sap  commenced.  'I'his  sap  was  the  main  incline 
shaft  of  the  .system,  and  was  driven  for  570  ft.  at  an  average  dip 
of  12'  from  thr.  horiz^mtal.  This  point  was  approximately  directly 
under  the  enemv  front  tnriu  h. 
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From  here  a  drive  was  put  in  at  an  angle  of  about  half-left  for 
a  length  of  240  ft.,  which  brought  the  end  of  the  drive  under 
the  crown  of  Hill  60.  From  the  same  point  at  the  foot  of  the 
Berlin  sap  another  drive  at  a  direction  half-right  was  put  in  for 
a  distance  of  510  ft.,  bringing  the  end  of  the  drive  immediately 
below  the  centre  of  The  Caterpillar.  In  this  drive  the  Canadians 
experienced  trouble,  and  had  to  step  down  about  10  ft.  in  order 
to  get  clear  of  a  band  of  quicksand.  In  consequence  this  mine 
was  under  water  from  the  time  of  charging  until  it  was  fired 
some  months  later.  It  speaks  well  for  the  careful  work  of  the 
Canadians  that  it  withstood  the  long  inundation. 

At  a  level  about  40  ft.  l^elow  the  surface,  and  running  to  the 
left  of  the  railway  cutting  and  well  out  under  ''  Xo-Man's  Land," 
was  driven  the  main  intermediate  level.  This  ran  for  about 
4<KJ  ft.,  and  formed  the  main  fighting  level  of  the  system. 

A  system  of  defensive  galleries  extended  from  the  railway 
cutting  for  a  distance  of  about  1000  ft.,  and  approximately 
parallel  to  our  front  line  trench.  Five  shafts  connected  the 
front  line  trenches  with  this  system. 

On  the  arrival  of  the  First  Australian  Tunnelling  Company  a 
deeper  system  of  offensive  mining  was  commenced.  From  the 
level  of  the  top  of  the  Berlin  sap  a  vertical  shaft  was  simk  to  a 
depth  of  90  ft.  This  was  the  first  vertical  shaft  sunk  on  the 
Hill  60  system,  though  not  the  first  attempted. 

From  this  shaft,  known  as  the  Sydney,-  a  gallery  500  ft.  in 
l»Migth  was  driven  and  connected  with  the  foot  of  the  Berlin  sap. 
A  pipe-line  was  installed  to  convey  all  the  drainage  from  the  old 
syst<;m  to  the  sump  of  the  Sydney  shaft,  whence  it  was  pumped 
by  an  electrically-driven  geared  pump.  The  shaft  chamber  was 
made  as  sound-])r()of  as  possible.  From  the  Sydney  drive,  and 
aliout  250  ft.  from  the  shaft,  a  drive  to  the  left,  known  as  Brisbane 
gallery,  was  driven  for  800  ft.,  the  object  being  to  lay  a  mine  under 
a  (ierman  strong  post  known  as  The  Snout. 

From  the  same  j)osition  in  th"  Sydney  gallery  tlu*  IVrtli 
gallery  was  driven,  with  the  object  of  laying  a  mine  inuln  another 
IMjrtion  of  The  Caterpillar.  This  gallery  was  driven  for  a  length 
of  VK)  ft. 
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Neither  of  these  mines  was  completed,  altliough  tho  work  wa?5 
within  five  weeks  of  completion.  The  tactical  situation  and  the 
danger  of  the  enemy  locating  the  Hill  ()0  mine  decided  the  higher 
authoiities  to  precipitate  the  attack. 

On  the  right  of  the  cutting  we  had  a  defensive  mining  system 
protecting  about  500  ft.  of  our  front  trench  system. 

The  activity  of  mining  operations  on  this  sector  may  be  judged  by 
the  fart  that  34  mines  were  fired  in  the  12  months  prior  to  the  attack. 

During  the  last  few  weeks  prior  to  the  attack  the  enemy  was 
particularly  active.  He  seemed  to  be  vainly  searching  for  our 
deep  mines,  and  seemed  to  ])low  at  random  in  the  hope  of 
destroying  our  work. 

How  close  he  came  to  success  may  be  judged  by  the  fact  that 
a  mine  blown  on  25th  May  crumpled  the  gallery  leading  to  Hill  60 
charge,  entombed  a  listener  for  48  hours,  and  broke  one  set  of 
the  leads  to  the  mine.  About  150  ft.  of  the  tamping  had  to  be 
removed  in  order  to  repair  the  damaged  lead. 

This  gave  us  a  very  advanced  listening  post,  and  we  were  much 
disturl)ed  to  hear  the  enemy  actively  working  in  very  close 
proximity  to  the  main  charge.  A  creaking  windlass  enabled  us 
to  mra-sure  his  progress  in  shaft-sinking,  and  at  about  the  end  of 
May  the  turns  of  this  windlass  were  constant,  so  it  was  safe  to 
assume  that  he  was  driving  a  gallery  towards  us,  and  very  nearly 
on  the  .same  level  as  ours. 

Ah  the  zero  day  approached  we  had  to  retamp  oui-  gallciy  and 
trust  -to  luck.  Needless  to  sa}^  those  were  most  anxious  days, 
and  f»ra^tically  continuoiLs  contimiity  and  resistance  tests  were 
ma<i»*  on  the  Hill  (JO  leads  in  order  to  have  earliest  information 
of  thfir  boing  int^^rfered  with. 

Our  luck  h»*ld,  and  at  10  minutes  past  3  o'clock  on  the  morning 
of  7th  June  the  switch  was  thrown  over.  The  earth  lifted  and 
ro«e  in  two  heaving  mounds,  gently  sank  back,  and  as  it  receded 
the  gaM'M  hi-Hsed  out  from  countless  cracks  and  burst  into  two 
hu^r*'  tonjjueH  of  flame. 

To  thr>ft«  of  us  who  were  anticipating  the  spectacle  it  was  fear- 
some, and  one  wothIofk  what  werc»  the  sensations  of  tho  very  few 
of  the  enemy  who  o.scafK'd  from  sucli  a  Ik'II  on  earth. 
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Mixing  Methods. 

The   actual  excavation    of    the    earth   was    governed   by  the 
tactical  conditions — 

(a)  Defensive  or  offensive  mining. 

(6)  Dugout  construction  and  main  infantry  subways. 
In  (a)  silence  was  absolutely  essential,  so  that  the  use  of  the 
pick  as  a  means  of  excavation  was  prohibited.     This  was  over- 
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^Ldot.  of  cutting  tool  KtpV 


PcsH-PicK  OR  Grafting  Tool. 


Clay-Kickixo  Spade. 
Fh:.  3. 

come  by  the  employment  of  one  of  two  methods — (1)  with  the 
push-pick  or  grafting  tool,  an  illustration  of  which  is  given  in 
Fig.  3. 

This  method  was  almost  universally  employed  in  galleries 
where  a  minimum  of  noise  was  essential.  The  pick  was  pushed 
into  the  clay,  the  spherical  end  giving  good  control,  and  the  clav 
caught  in  the  hand  and  placed  in  sand- bags. 

It  is  fairly  evident  that  this  method  is  slow  but  sure  when 
feeling  the  way  to  suspected  enemy  galleries.  Under  such  con- 
ditions a  progress  of  4:  to  fJ  ft.  per  24  hours  was  satisfactory  wIkmi 
ccs.sation  of  operations  for  listening  purposes  is  taken  into  account. 

(2)  Clay-kicking.— This,  to  the  Australians,  was  a  distinct 
iiniovation,  and  they  were  not  slow  to  grasp  its  great  advantages. 
It  originated  with  the  sewerage-construction  workers  in  the  clav 
bods  of  Jjondon,  and  for  silence  accompanied  l)v  speech*  progress 
is  uurcpialled. 
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BricHv,   the  operation  of  clay-kickiiig  can  Le   described  as   a 
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ni»tho<l  wh»  rcby  the  whole    of    the    power    given    to    the  clay- 
kicking  spade  (see  Fig.   :;)  is  supplied    by  tlie   legs,  the  operator 
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being  seated  on  a  movable  seat  and  using  the  handle  of  the  spade 
as  a  lever  with  which  to  break  down  the  face.  Fig.  4  gives  a 
diagrammatic  sketch  of    the  operation. 

A  sliding  seat  fixed  to  sloping  back  is  set  in  the  centre  of  the 
gallery.  This  seat  is  so  arranged  that  it  locks  automatically  at 
any  position.  The  operator  adjusts  the  seat  to  his  liking,  and 
then,  with  both  feet  straddling  the  spade,  undercuts  the  face  for 
about  2  ft.  to  2  ft.  3  in.  This  operation  completed,  he  takes  cuts 
of!  the  face  from  the  undercut  to  the  roof  of  the  gallery,  still 
using  the  spade  and  prying  down  the  slice  with  the  aid  of  the 
spade -handle.  Throughout  the  operation  the  seat  is  adjusted 
to  suit  the  varying  height.  The  spoil  is  removed  from  both  sides 
of  the  kicking  seat  without  interfering  with  the  operation  of  the 
kicker. 

With  a  sharp -edged  spade  the  whole  operation  is  wonderfully 
silent  and  the  progress  remarkable.  The  following  figures  illus- 
trate the  progress  which  can  be  made.  The  galleries  in  these 
cases  are  the  standard  mine  gallery,  4  ft.  3  in.  by  2  ft.  3  in.  in 
the  clear,  3-in.  space  between  sets. 

No.   1. — Clay-kicking  Competition,  Second  Army  Mine  School. 

Conditions. — Team,  4  men  ;  shift,  4  hours  ;  ground,  medium- 
hard  blue  clay.  Points  awarded  for  speed  and  silence  ;  latter 
judged  by  listening  party  in  an  adjacent  gallery. 


Team  No.    Sets  timber  erected.    Progress. 

ft.  in. 

1 

9 

7     7 

8 

0  10 

3 

8 

6     9 

4 

8 

()     9 

5 

7 

0     8 

6 

8 

<)     7 

7 

8 

f)     6 

8 

7 

(;     T) 

9 

7 

5  10 

Ut 

(] 

5     () 

11 

G 

4   11 

If. 
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Xo.  2. — These  footages  were  obtained  under  actual  mining 
conditions.  Sets  spaced  5  in.  ;  4  face-men  ;  8  fatigues  for  bagging 
spoils  ;  G-hour  shifts  ;  ground,  ideal  blue  clay. 

Progress, 
ft.  in. 
26        3 


No.  2.— 


April  24 


25 

26 

27 

28 

29 

30 

May 

1 

o 

25 

3 

27 

8 

27 

3 

21 

5 

27 

3 

28 

9 

23 

10 

25 

7 

30 

7 

AVith  clay-kicking  the  average  weekly  progress  in  a  standard 
mine  gallery  was  about  70  ft. 

(6)  Dugout  Construction  and  Main  Infantry  Subways. — ^The 
galleries  in  this  case  were  6  ft.  3  in.  x  3  ft.  6  in.  in  the  clear  ;  timber 
etood  close  together  ;  ground,  clayey  sand,  fairly  dry  ;  shift  con- 
sisted of  2  face-men,  3  shovellers,  and  7  infantry  fatigues,  working 
6-hour  shifts.     Method  of  excavation,  pick  and  shovel. 

Figures  for  a  week's  progress  : —  Progress. 

ft.      in. 

May  22 

23 

„     24 

„     25 

26 

27 

28 

The  low  footages  of  22nd,  23rd,  and  27th  May  were  due  to  long 
interruptions  for  "  Stand  to  "  on  those  days. 

Shaft  Sinking. 

Shaft  sinking  was  confined  to — 

(1)  Sinking  with  steel  cylinders   through  the   water-bearing 
strata,  and  continuing  witli  framed  sets  in  the  dry  clay. 


20 

0 

20 

4 

33 

2 

36 

o 

40 

0 

20 

4 

42 

0 
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(2)  Sinking  with  crib  timber  through  the  surface  strata. 

(3)  Underlie  shafts. 


Fio.  a. 

Dktails  'Stdxry*  Siiakt. 

Scale-! 4  in.  =   1  ft. 

(4)  Stepped    incline    shafts    for    dugouts    and    machine-gun 
emplacements. 

II 
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(1)  Figs.  T)  and  5a  give  details  of  the  Sydney  shaft  sunk  on 
Hill  ()0  by  this  company. 

A  shaft  chamber  with  18  ft.  of  head  cover  was  excavated. 
The  dimensions  were  10  ft.  square  and  6  ft.  6  in.  high.  The  roof 
-was  reinforced  with  5  in.  x  3  in.  rolled-steel  joists  for  safety,  as  well 


Fl(i.    ."jA. 

Dktails  "Sydney"  Shaft. 
Scale-%  in.  =  1  ft. 

as  to  supply  a  solid  base  for  four  .j-ton  lifting-jacks,  which  were 
employed  to  drive  the  steel  cylinders  down.  A  rectangular  collar 
set  was  placed  in  position,  and  the  rest  of  the  floor  of  the  shaft 
chaml>cr  securely  floored.  The  steel  tubbing  was  6  ft.  in  diam. 
and  in  three  segments  ;  details  are  shown  in  sketch. 

A  cutting  ring  was  placed  on  the  first  ring  and  the  ground 
excavated,  and  the  ring  cased  as  it  was  driven  down.  After 
passing  the  running-sand  strata  and  reaching  a  depth  of  10  ft. 
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below  in  solid  blue  clay  the  steel  tubbing  was  dispensed  with  and 

— S  e  c  1 1 0 1?  — 
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Fk;.  G. 
Steim'kd  Duuout  Entrance. 

frame  seta  used  to  complete  the  shaft. 


Date. 

Progress, 

ft.    in. 

Nov.  4 

8    0 

„     5 

.       11     G 

„     6       . 

.       10    9 

„     7       . 

7     9 

„     8       . 

4    0 
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(2)  The  following  figures  are  of  interest,  showing  progress  in 
this  method. 
Data. — Dimensions  of  shaft,  G  ft.  x  3  ft.  in  clear. 

No.  of  men  per  shift,  6.  > 

Hours  worked,  6  hours  on  and  6  off. 


Total,  42  ft. 
Progress,  3.7  in.  per  hour. 


Remarks. — Eight  hours  lost,  due  to  enemy  shelling.  Progress 
included  laying  collar  set,  plat  set  at  36  ft.,  and  boarding  bottom 
of  sump. 

Nature  of  country — 

15  ft.  surface  yellow  clay  (damp). 
2  ft.  water-bearing  sand. 
Balance  blue  clay  (dry). 

(3)  Underlie  shafts  were  used  in  mine  systems  and  in  dugouts. 
In  the  latter  case  steps  were  installed  for  travelling  purposes. 

The  timber  sets  employed  were  5  ft.  high  at  right-angles  to  the 
dip  and  3  ft.  G  in.  wide. 

This  t^-pe  of  shaft  presented  no  unusual  features. 

(4)  Stepped  incline  shaft. — Fig.  G  shows  details  for  this  type 
of  dugout  entrance.  It  has  the  advantage  of  using  standard 
subway  sets  and  forms  the  travelling  way  at  the  same  time. 

Mine  Timber. 

It  was  early  seen  that  the  magnitude  of  the  mining  operations 
on  the  Western  Front  necessitated  the  standardization  of  mine 
timl>ers.  All  timber  employed  in  mining  operations  was  Oregon 
pine,  and  of  size  9  in.  x  3  in. 

Three  .standard  sets  were  employed,  and  Fig.  7  gives  the  type 
of  conAtniction  u.sed — 

(I)  Standard  mine  gallery  set;  dimensions,  4  ft.  3  in.  x  2  ft. 
3  in.  clear. 
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(2)  Standard  infantry  subway  set ;  dimensions,   (3  ft.   3   in.    x 
3  ft.  6  in.  clear. 

(3)  Standard  small  dugout  set  ;  6  ft.  3  in.  x  0  ft.  in  clear. 
Special  sets,  such  as  those  for  shaft  timbers,  collar  sets,  etc., 

had  to  be  ordered  in  advance  from  the  Royal  Engineers'  park. 
The  quantity  of  timber  used  may  be  judged  by  the  fact  that 
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Fig.  7. 
Standard  Mine  Gallery  Set. 


the  average  progress  of  this  company  while  at  Hill  60  was  ap- 
proximately 300  ft.   per  week. 


Handling  and  Disposal  of  Spoil. 

The  dirt,  when  broken  in  the  face,  was  shovelled  into  hempen 
bags  about  2  ft.  long  and  10  in.  wide  and  the  neck  closely  tied. 
In  general  the  tactical  situation  did  not  permit  of  a  truck  being 
employed  within  about  1(X)  ft.  of  the  face,  so  for  this  distance 
tho.  bags  had  to  be  man-handled.  It  was  found  by  experience 
by  our  own  listeners  that  slowly  dragging  the  bags  along  the 
timbered  floor  was  the  quietest  method  of  handling  them,  and 
from  the  face  to  the  truck  this  system  was  employed. 
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Fi«'.  S  gives  the  leading  dimensions  of  the  truck  and  type  of 
tracking  employed. 

This  truck  coidd  take  about  8  to  10  sand-bags. 

The  tracking  was  very  por- 
table, being  in  8-ft.  lengths 
and  readily  laid. 

In  inclined  shafts  the  truck 
was  hauled  direct  to  the 
surface.  In  vertical  shafts  the 
bags  were  put  into  a  sling  and 
hoisted  on  an  ordinary  wind- 
lass with  an  up  and  down 
rope. 

Disposal  of  spoil  was  a  vital 
consideration  in  maintaining 
the  secrecy  of  the  mining 
operations.  The  deeper  work- 
ings being  in  blue  clay,  every 
care  had  to  be  exercised  in  the 
disposal  of  the  spoil.  It  had 
the  unfortunate  property  of 
discolouring  the  sandbags  a 
dark  blue  colour,  which  ren- 
dered them  highly  visible  to 
aircraft  o])servation. 

The  presence  of  blue  clay  on 
the  surface  was  a  sure  indi- 
cation to  either  side  of  the 
existence  of  deep  mining. 

The  spoil  in  sand- bags  was 
used  for  revetting  trenches, 
(covering  dugouts,  etc.,  but  the 
balance  was  dumped  into  the 
railway  cutting,  which  afforded 
a  secure   dumping-ground. 
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Ventilation  and  Drainage. 

Small  geared  rotan'  fans  were  usually  employed  for  ventilation. 
They  were  worked  by  two  men,  and  were  capable  of  supplying 
a  strong  current  of  air  up  to  300  ft.  The  deliver^"  pipe  was  rubber 
hose  .3  in.  in  diam.,  reinforced  with  wire-binding  to  keep  it 
distended. 

The  gearing  on  these  fans  made  them  very  noisy,  and  the  sound 
carried  distinctly  along  long  lengths  of  gallery. 

For  more  silent  working  and  with  equal  efficiency  6-ft.  black- 
smith's Ijellows  were  employed.  These  were  generally  installed 
two  in  series,  and  gave  a  good  flow  of  air  with  a  minimum  of  noise. 

For  drainage  the  general  service  pump  was  chiefly  employed 
in  isolated  positions  or  where  the  need  of  silence  prevented  the 
installation  of  power  pumps.  These  pumps  were  two-stroke 
3-in.  diam.  cylinders  operated  by  two  men,  and  were  capable  of 
a  lift  of  about  80  ft.,  though  not  generally  employed  beyond  40  ft. 
oE  head.  In  a  mine  system  such  as  Hill  60  the  pumping  absoi  bed, 
a  large  number  of  men. 

Surveying  and  Plan  Records. 

Al\  new  work  was  brought  up  to  date  weekly  by  a  theodolite 
survev.  As  all  galleries  were  driven  as  direct  as  possible,  to 
minimize  the  problem  of  disposal  of  spoil,  the  surveying  was  very 
elementary. 

The  mine  system  was  kept  accurately  co-ordinated  with  the 
trench  system,  and  as  a  result,  with  the  aid  of  aeroplane  photos, 
showing  both  the  enemy's  and  our  system,  we  were  able  to 
accurately  co-ordinate  our  positions  with  the  enemy  trench 
system. 

Th(^  plans  were  all  plotted  on  the  (to-ordinate  system.  The 
daily  progress  was  plotted,  and  at  the  end  of  each  week  slip 
tracings  of  all  gallery  progress  were  forwarded  to  the  Controller 
of  Mines. 

A  large-scale  map  showing  the  listening  posts  was  kept  at  head- 
quarters, and  a  daily  tabulated  sheet  showiiig  the  listening  njportH 
from  every  post  was  made. 
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Dirt^ction  of  enemy  progress  was  plotted  from  direction 
listening  roports  from  carefidly-checked  stations. 

Charges  and  Effect  of  Mines. 

For  calculating  the  charge  and  the  probable  effect  of  a  mine 
certain    emjiirical  formula^    have    been    arrived  at    as  the  result 

of  practical  experience. 
These  formulae  gave  very 
accurate  results  in  mining 
operations  on  the  Western 
Front,  and  a  digest  of 
them  is  given. 

Definitions  (Fig.  9)  .— 
(1)  Mines  are    charges 
of  explosives  placed  under 
the  surface  of  the  earth, 
the  position  and  quantity 
of  the  charge  depending  on  the  object  to  be  fulfilled — 

(a)  AMicther  it  is  desired  to  produce  a  crater  at  the  surface 

wliich  may  be  occupied  by  troops. 
{h)  or  to  damage  the  enemy's  works  above  or  below  ground. 
In  the  latter  case,  where  no  crater  is  produced,  the  charge  is  known 
as  a  camouflet. 

(2)  The  shortest  distance  from  the  centre  of  the  charge  to  the 
surface  of  the  ground — or,  in  the  case  of  a  camouflet,  the  shortest 
distance  to  the  enemy's  galleries — is  known  as  the  "  line  of  least 
resi«tanrc  "  (L.L.R.),  and  is  measured  in  feet.  It  is  the  line  OA 
in  plan. 

(.'J)  '■  Radius  of  crater  "  is  the  radius  of  the  circular  opening 
on  the  surface  of  the  ground,  and  is  the  line  AB  on  plan. 

(4)  Craters  are  classified  in  relation  of  diam.  of  crater  to  L.L.R. 

Thus,  in  a  one-lined  crater  BC  =  L.L.R. 
twf,     „         „      BC  =  2  L.L.R. 

(5)  The  (ii.sUnc<^  from  the  rliarfie  to  which  the  effect  of  the 
explrwion  Lm  transmitted  is  called  the  ''  horizontal  radius  of  rupture  '' 
(H.R.R.). 
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This  is  a  vital  consideration  when — 

(1)  Estimating   the   destruction   of   enemy's    works    under- 

ground. 

(2)  Estimating  the  destruction  of  your  own  works  under- 

ground. 
Formulge  for  calculating  charges  : — 
IfL  =  L.L.R. 

r  =  radius  of  crater  in  ft. 
c  =  powder  charge  in  pounds. 
s  =  variable,  dependent  on  nature  of  soil, 
Then  in  a  common  mine 

c  =  S  L^ 
and  the  H.R.R.  =  7  10c 


The  values  given  to  s  are  shown  in  the  following  table  : — 

Nature  of  soil.  Value  of  JS. 

Very  Ught  earth 0.80 

Common  earth        ..  ..  ..         1.00 

Hard  sand   . .  . .         1.25 

Clay  mixed  with  loam      ..  ..  1.50 

Blue  chiv.  Hill  (H) 1.00 

Hard  chalk  2.00 

Crater  Ejects  in  Blue  Clay. — These  figures  are  the  result  of 
«ix  mines  fired  in  blue  clay.  The  explosive  was  laid  in  kinked 
galleries,  with  the  detonator  inserted  in  1-oz.  gun-cotton  primer 
surrounded   by  auxiliary  detonators. 


No.  of  Mine. 

riiarge  ammonal 
in  lbs. 

Estimated  L.L.R. 

Dia.  of  crater 
in  feet 

1 

:n.()()() 

m  ft. 

18(» 

!.').( K)() 

45    „ 

irxj 

3 

1 :{,.")( M) 

42    „ 

ll(» 

4 

1L*,()0() 

42    „ 

140 

5 

1,8()() 

:50  „ 

7(> 

(') 

<)()() 

16   „ 

i<; 

These  tests  showed  ammonal   to   be   '.\X)  times   as  effective,   us 
formula    gunpowder.      The    above     results,    taking    s-    to    !)e    1.7, 
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show  the  following    efticiencics  for  ammonal  in    relation   to  c  of 

the  above  formula. 

No.   I :i.r>l 

No.  2 4.23 

No.  3 3.82 

No.  4 4.30 

No.  5 3.88 

No.  (> 3.14 

Radius  of  Rupture  for  Ammonal    in    Clay. — ^lie   relationship 

Ix^twetMi  a  given  charge  of  ammonal  and  its  radial  rupturing  effect 

mu.st  hi'  determined  when  estimating — 

(1)  Distance  within  which 

(a)    enemy  galleries    or    [b)  our  own    galleries    will  be 
destroyed. 

(2)  Distance  to  be  tamped  for  full  efficiency  of  explosive. 
The  following  equation  has  been  deduced  from  over  100  mines 

to  provide  a  simple  estimation  : — 
For  Clay.— 

Charge  of  ammonal  in  lbs.  =  (H.R.K.)^    :-  150. 

Transmission  of  Explosion. — The  transmission  of  the  explosion 
between  neighbouring  charges  was  a  subject  of  experiment. 

(a)  The  intluenee  of  a  neighbouring  blow  upon  detonators  in  a 
mine  charge  showed  that  in  a  No.  13  Mark  IV.  detonator  the 
fulminate  was  more  liable  to  explode  than  the  bridge  to  fracture. 
Neither  result  should  be  experienced  when  the  detonator  is  over 
1/5  of  H.R.K.  from  charge  fired. 

(6)  The  distance  through  which  explosions  can  be  transmitted 
l>etween  adjaci-nt  charges  of  ammonium  nitrate  explosives. 

Three  tests  :  — 

No.  1. — H)  }}>.  ammonal  at  about  1/5  H.R.K.  from  an  initial 
charge  of  5<)  lb.  ;  result — fired. 

No.  2. — As  above,  but  charge  at  \  H.R.R.  ;  result,  nil. 

No.  3.— Initial  charge  of  4(M)  lb.  witli  If. R.R.  of  27  ft.  at  a 
distance  of  .*>  ft.  in  solid  chalk  from  a  secondary  charge  of  15(K)  lb  ; 
r«!suit  fired,  prodtieing  a  crat<^r  of  diameter  and  d«;pth  e(jual 
to  a  fhiire*'  of   I'.HMJ  |lj.  ammonal. 
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A  further  demonstration  on  mine  of  84,000  lb.  ammonal  at  a 
depth  of  52  ft.  in  chalk,  including  overburden  of  27  ft.  of  clay 
and  sand,  gave  a  crater  115  ft.  in  diam.,  showing  ammonal  to  be 
3.75  times  as  powerful  as  formula  gunpowder. 

Charging  and  Firing  of  Mines. 

The    standard  mine  gallery  set    was    4  ft.  3  in.  by  2  ft.  3  in. 

inside  of  tim- 
ber.      Conse- 
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quently,  for 
any  charge  of 
explosive  over 
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was  generally 
ad\dsable  to 
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concentrated  as  possible. 


chamber 
charge. 

This  could  be 
plished  for  the  average 
camouflet  in  the  standard 
galler}^  by  making  a  T  head 
at  the  end  of  the  galler}-. 
In  the  large  mines  the  stan- 
dard gallery  was  enlarged  to 
a  ()  ft.  3  in.  by  3  ft.  G  in. 
in  the  clear,  and  sufficient 
galleries  of  similar  size  were 
put  in  at  right-angles  to 
this  new  enlarged  gallery  to 
contain  the  charge.  The 
only  guiding  factor  in  the 
design  of  charge  chambers 
was  to  keep    tho  charge,    as 
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The  detonatoi-s  used  were  Electric  No.  13  Mark  III.,  containing 
43  grains  of  fulminate  of  mercury.  The  detonator  was  placed 
in   a    l-oz.   dry   gun-cotton   primer. 

On  top  and  bottom  of  the  primer  was  placed  a  wooden  cover, 
as  shown  in  Fig.    10.     These  were  recessed  to  take  eight  com- 
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Fig.   11. 
Firing  Conn'kction.s— Hill  (JO  Minks. 

merrial  detonators,  which  then  surrounded  the  gun-cotton  primer. 

The  whoh*  was  then  bound  together  with  fine  wire.  The 
dct/)nator,  thus  reinforced  with  the  gun-cotton  primer  and  eight 
commercial  detonat^^jn*,  was  placed  in  a  50-lb.  box  of  gun-cotton, 
fonning  the  main  primer. 

In  ea4^'b  of  the  large  mines  there  were  three  circuits  with  five 
No.  13  Mark  III.  detcjnat^^irs  in  series.  Two  of  the  circuits  had 
armoun-d  (|U(>d  cable,  while  the  third  circuit  had  E.I.  Mark  II. 
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cable.  This  had  six  strands  of  copper  and  one  of  steel,  covered 
with   vulcanized   india-rubber. 

Table  No.  1  gives  all  the  details  of  the  firing  circuits  in  each 
mine.  The  leads  were  brought  to  a  central  terminal  testing 
station.  Here  each  set  of  leads  was  attached  to  brass  terminals 
mounted  on  a  well-insulated  board. 

There  were  two  methods  of  firing — 

(1)  The  exploder. 

(2)  Power  from  a  D.C.  500-volt  lighting  set. 

The  mines  were  eventually  fired  bv  the  current  from  the 
lighting  dynamo,  but  in  case  of  a  breakdown  to  that  set  at  the 

last  moment  three  double  throw-over 
switches  and  one  control  switch  were 
placed  in  the  circuit.  Connected  to  the 
three  double  throw-over  switches  were 
three  exploders.  Fig.  11  shows  a  dia- 
grammatic view  of  the  connections. 

The  service  exploder  consists  essentially 
of  a   small  series-wound   dvnamo.      The 


fired  magnets  and  armature  are  wound 
with  insulated  wire.  The  armature  is 
provided  with  a  two-part  commutator 
and  caused  to  revolve  by  means  of  a  rack 
and  pinion.  It  is  provided  with  a  free 
wheel  so  that  the  armature  is  only 
rotated  on  the  down  stroke. 
Fig.  12  shows  diagram  of  connections. 
There  is  alwavs  some  residual  magnetism  in  tlie  field  magnets, 

and  the  armature  revolving  on  the  downward  stroke  of  the  handle 

generates   a  current.     The  maximum  E.M.F.  is  developed  at  the 

bottom  of  stroke. 

The  contact  at  K  is  now  broken  by  the  end  of  the  rack  depressing 

the  spring,  and   the  current  Hows    througli    the  external  circuit. 

The  personal  factor  enters  largely  into  the    use  of  the  exploder. 

The  rack  must  be  made  to    descend  as  swiftlv  and  smoothlv  as 


Fm.  12. 
Diagram  of  Exi'loder 
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Details  of  Firing  Arrangements,  Hill  60  Mines. 

Fig.  1 1  shows  a  diagrammatic  arrangement  of  wiring.  It  will 
be  noticed  tliat  the  Hill  GO  and  The  Caterpillar  mines  were  fired 
in  series,  and  the  three  sets  of  leads  connected  to  the  dynamo 
circuit  in  parallel. 

The  single -pole  firing  switch  D  was  left  open  while  the  three 
double-pole  throw-over  switches  B  were  closed  on  dynamo 
circuit. 

To  the  other  terminals  of  these  switches  were  connected  the 
three  exploders. 

A  pilot  lamp,  E,  was  installed  to  indicate  that  all  was  correct 
with  the  dynamo  at  the  firing  station. 

Lamp  resistances  were  inserted  in  the  circuit  to  prevent  a 
flash-over  at  the  generator  when  the  firing  switch  D  was  closed. 

This  arrangement  allowed  the  exploders  to  be  used  should  any 
failure  of  the  dynamo  be  met  with  at  the  last  moment. 

An  earth  was  connected  to  the  sparking-plug  of  the  oil  engine 
and  dropped  when  the  mines  were  fired  in  case  the  eruption  may 
have  damaged  this  installation. 

Explosives  and  Detonators  Used. 

The  explosives  used  were  all  high  explosives  of  the  shattering 
type.  Only  two  classes  were .  employed — (1)  ammonal  and  (2) 
gun-cotton. 

(1)  Ammonal  for  general  use  in  military  mining  was  a  product 
of  this  war.     Its  composition  Is  as  under  : — 


Ammonium  nitrate 

% 
..     ()5 

Trotyl  (T.N.T.)    .. 

..     15 

Coarse  Aluminium 

..     10 

Fine              ,, 

..       1 

Charcoal 

:\ 

From  tests  described  under  "  ( "harges  and  (rater  Effects  of 
Mines,"  it  shows  a  strength  a))out  .'5.75  times  greater  than  fornuila 
gunpowder.  It  was  packed  in  tins  containing  50  lb.,  enclosed  in 
a  pine  case. 
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(2)  Gun-cotton  was  supplied  in  the  form  of  wet  slabs  and  dry 
primoi-s.     The   following  are   the  details  : — 

Slabs.— Weight,  15  oz.  ;  length,  (>  in.  ;  breadth,  3  in.  ;  thickness, 
1?   in.  :  remarks — with  one  perforation  for  primer. 

Primer. — Weight,  1  oz.  ;  diameter,  1.35  in.  top,  1.25  in. 
bottom  ;  height,  1]  in.  ;  remarks — conical,  with  one  perforation 
for  detonator. 

Detonators. — As  all  charges  were  fired  electrically,  only  one 
type  of  detonator  was  used — i.e.,  No.  13  detonator,  Mark  III. 
Fig.  13  shows  its  construction. 

rE-bonitc 

Hctcy  Guncottoo 

*-  Shellac  PuTtv 


Iri^io  Pl^atinum  Wirt    OOlA'^t^ 
Copper  Poles 

Fig.  13. 
Construction  No.  13,  Detonator  Mark  III. 

The  attached  table  gives  detailed  particulars  :— 

Material  of  bridge  wire iridio-platinum 

Weight  of  bridge  wire  per  yd.   ..  ..  ..  .45  gr. 

Length         .25  in. 

Diameter 0014  in. 

Resistance  cold  at  60°  F.  1 .05  ohm. 

„  when  just  hot  enough  to  start  ignitor     1 .30  ohm. 

at  fusing  point  2.6  ohm. 

Smallest  current  that  can  fire      ..  ..  ..        .35  amp. 

,.       „    tee 8  amp. 

Smallest   current   to    be   calculated   for   to   fire 

cliarge  Samp. 

Largest    safe     testinii^    current    when    testing 

rhasges  05  amp. 

Dp:tails  of  ('harges  and  Cratkr  FjFFp:cts. 

HfLL    (')()    MINES. 

(1)  Mine  under   Hill   iA)— 

Charge — anmional,    45, 7(H)    lb.  ;      gun-cotton,      7800    11).  ; 
total,  53,500  lb. 
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Depth  from  surface,  90  ft.,  equals  L.L.R. 
Soil  factor,  1.6. 

Theoretical  radius  of  crater  from  charge  formulae,   105  ft. 
Diameter,  210  ft.  =  70  yd. 
Actual  diameter  by  measurement  =  68  yd. 
Depth    of    crater  after  debris  liad   settled  =  33   ft.   from 
original   ground-level.     The    rim   around   crater   stood 
about  10  ft.  above  this. 
Radius  of  rupture  to  complete  obliteration  =  140  ft. 
Length  of  4  ft.  3  in.  by  2  ft.  3  in.  gallery  tamped  =  240  ft. 
(2)  Mine  under  The  Caterpillar — 

Charge— ammonal,  70,000  lb.  ;  total,  70,000  lb. 
Depth  from  surface,  100  ft.,  equals  L.L.R. 
Soil  factor,  1.2. 

Theoretical  radius  of  crater  from  charge  formulae  =  135  ft; 
Diameter  of  crater,  270  ft.  =  90  yd. 
Actual  diameter  by  measurement,  273  ft.  =91  yd. 
Depth   of  crater  after  debris  had  settled   =    51    ft.   from 
original  ground-level.     The  rim  around  the  crater  stood 
about  15  ft.  above  this. 
Radius  of  rupture  to  con^plete  obliteration  =  190  ft. 
Length  of  gallery  (4  ft.  3  in.  x  2  ft.  3  in.)  tamped  =  510  ft. 
The  mines  were  fired  at  3.10  a.m.  (summer  time)  on  7th  June, 
1917. 

It  was  found  that  the  amount  of  tamping  put  in  with  both 
charges  well  ensured  the  L.L.R.  being  to  the  surface.  The  mine 
system  wa8  left  practirally  intact  from  about  100  ft.  from  the 
face  of  the  tamping. 

A  point  of  interest  is  the  close  agreement  of  the  calculated  and 
actual  dimensions  of  the  craters  formed. 

Electrical  Testing  and  Instrcments  Employed. 

As  before  mentioned,  all  mino^  and  camouflets  were  fired 
electrically.  In  the  larj^e  mines  the  electrical  condition  of  the 
leads  was  a  vital  (juestion,  and  in  order  to  l)e  well  posted  as  to 
their  condition  two  scries  of  tests  were   made  — 

o 
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(1)  For  continuity,  taken  once  every  6  hours  ;  (2)  for  resistance, 
taken  once  every  day.  The  testing  set  supplied  to  tunnelhng 
units  contained  a  set  of  resistance  coils,  to  100  ohm  ;  a  three-coil 

galvanometer  ; 
one  dry  electric 
cell ;  two  reels 
iridio-platinum 
wire,  .0014  in. 
diam.,  the  same 
as  the  bridge 
wire  of  electric 
detonators. 
Resistance  coils 
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are  arranged  as 
in  Fig.  14,  so  as 
to  be  as  easily 
connected  up  as 
a  AVheatstone 
bridge.  They  are 
graduated     from 


ohm,  and 
also  furnished 
with  clips  J;  in. 
apart  for  holding 
the  iridio-plati- 
num wire  used  in 
the  fusion  test. 
Tt  will  be  noted 
that  the  key  is 
the  galvanometer    is 


placed   in    the    battery  circuit,    and    that 
always  in  circuit. 

The   three-coil   galvanometer   has   three   coils,   the   bottom 
which  are  wound    to  2,   10,  and   KXX)  ohm  respectively,  any 


of 
of 


which  can  be  brought  into  circuit  by  a  brass  plug.     The  end  of 
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Fig.  15. 
Galvanometer. 


all  the  coils  Ls  connected  to  one  terminal,  the  others  being  con- 
nected each  to  its  respective  brass  block. 
Fig.   15  shows  diagram  of  coimections. 

The  1000  ohm    coil  is  used  for  comparing  and  indicating  small 

currents  up  to   .005  amp.     The  10  ohm 
coil  is  used  with  the  AVheatstone  bridge. 
The  2  ohm    coil  is  used  for    continuity 
testing. 

The  dry  electric  cell  is  a  special  form 
of  dry  cell  provided  with  a  resistance 
coil  that  brings  the  total  internal  resis- 
tance up  to  12  ohm.  This  obviates  the 
possibility  of  anything  but  a  very  small 
current  being  sent  out  by  it  under  any 
circunxstances  ;  its  E.M.F.  is  1.5  volts. 
Fig.  16  shows  connections. 
The  electrical  testing  may  be  divided 
into — (1)  testing  the  firing  apparatus,  (2) 
testing  the  detonators,  (3)  testing  the  conducting  wires,  (4)  test- 
ing   the  complete  circuit    after  everything  is  ready  for  firing. 

(1)  Testing  Exploders  is  carried  out  with  the  firing  resistance 
coils  connected  up  as  in  Fig.  14.  The  key  is  cut  out  by  a  short 
lead  as  shown. 

If  in  good  condition  the  Mark  V.  exploder  should  fuse  standard 
iridio-platinum  wire  through  100  ohm.  The  exploder  should  not 
be  tested  with  a  resistance  it  is  unable  to  fuse  through,  but  should 
be  tried  gradually  until  the  machine  fails  to  fiLse. 

To  be  safe,  the  exploder  must  be  capable  of  fusing  through  a 
resistance  25  ^{^  greater  than  the  calculated  resistance  of  the 
circuit  at  fasing  point. 

(2)  Testing    DetoiuUors. — All    fuses    and    detonators    should    be 

balanced   by   the   ^Vheatstone   bridge   method.     The   connections 

are  made  as  in  Fig.  14.     The  two  10-plugs  are  removed,  and,  with 

all  other  plugs  in,  depress  the  key  and  observe  the  direction  of 

the   throw   of    the   needle.     This   gives   the   resistance   when   too 

low.     Now   unplug  sufficient  resistance  to   give  a   throw   to   the 

c  2 
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needle  in  the  opposite  direction.     This  resistance  is  too  high,  and  the 
correct  resistance  should  be  taken  as  a  mean  of  the  resistances  which 

give  indications  on 
the  galvanometer  as 
being  just  too  high 
and  just  too  low. 

Test  of  Detonators 
for  Over -Sensitiveness 
— Detonators  should 
not  fire  in  4  seconds 
with  a  current  of  .32 
amp. 

Test  of  Detonators 
Jor  Under-Sensitive- 
ness. — A  few  detona- 
ators  from  each  box 
should  be  fired  with 
.45  amp.  If  they 
fail  to  fire  in  4 
seconds  the  whole  box 
should  be  rejected. 

(3)  Testitig  Conducting  Wires. — The  continuity  test  is  made 
with  a  galvanometer  and  battery  in  the  circuit. 

Resistance  tests  are  made  on  the  Wheatstone  bridge. 

(4)  Testing  Complete  Circuit. — When  the  mines  are  laid,  the 
theoretical  resistance  (cold)  of  the  detonators  and  cable  can  be 
estimated  from  data  supplied  with  each  article.  The  whole 
circuit  should  then  be  balanced  with  the  test  cell  by  the  method 
of  the  \\1ieatstone  bridge.  If  the  actual  resistance  agrees  within 
small  limits  with  the  theoretical  the  circuit  can  be  taken  as  correct. 
Examplf   (Fig.   17):—  ohm. 

7  detonators  ..  ..  ..         7.05 


Fig.  K;. 
Tkst  Cell. 


Main  leads    . . 

Branch  leads 

Lca^Ls  l>etween  charges 

T(»tal  theoretical  resistance 
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If  resistance  measured  from  A  is,  say,  18  ohm,  there  is  a  bad 

joint.      If  infinite,  there   is  disconnection.      If  considerably  less 

^  there   is  a  leakage.     If  a  steady 

reading  is  difficult  to  obtain  there 
is  probably  a  loose  connection. 

These  faults  can  be  generally 
readily  localized  by  what  is  known 
as  the  "  pricker  test,''  which 
consists  of  attaching  two  needles 
to  flexible  leads  of  the  galvano- 
meter and  making  the  cross 
connections  by  piercing  the  in- 
sulation. 

Arrangement   of  test  is  shown 

^.^       |.  ^  '''  Fig.  17. 

I  <  Mine    Listening    and    Instru- 

'<  MENTs    Employed. 

It  can  justly  be  claimed  tliat,  in 
common  with  the  other  branches 
of  modern  warfare,  mine  listening 
developed  along  very  scientific 
lines.  The  advance  from  the 
stage  of  listening  with  thc^  un- 
aided ear  to  the  use  of  the  most 
highly  specialized  instruments  was 
rapid.  Yet  the  general  public 
and  journalists  seem  to  have 
been  unaware  of  this  fact.  As 
late  as  May,  191(5,  it  was  common 
to  find  illustrated  papei*s  depicting 
the  tunneller  listening  for  enemy 
mining  with  his  ear  u|)()n  a  duck-board  or  iu  a  st<>o))ing  attitude 
with  hand  over  his  ear,  the  better  to  concentrate  the  supposed 
noises.  Had  such  been  the  true  case,  the  tunneller's  lot  would 
have  indeed  l>eon  an  "uplifting;"  one. 
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However,  we  were  aided  by  instruments  of  the  most  delicate 
nature,  chief  of  which  were  the  gcophone  and  various  types  of 
micrti]>hones  with  ek^ctrical  connections.  The  latter  enabled 
listening  to  be  carried  out  at  a  great  distance  from  the  actual 
list-ening  post,  and  also  lent  itself  to  the  establishment  of  central 
listening  stations. 

The  geophone  (Fig.  18)  was  in  general  application,  as  it  possessed 
the  double  advantage  of  (1)  giving  a  true  reproduction  of  sound, 
and  (2)  giving  a  true  determination  of  direction. 

In  construction  it  consisted  of  a  mass  of  mercury  enclosed  on 
either  side  by  a  mica  diaphragm  and  surrounded  by  an  annular 
block  of  wood.     Over  the  mica  diaphragm   on  top   and  bottom 
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are  placed  wooden  covers,  with  an  air  space  about  J-in.  deep, 
and  the  size  of  the  mica  diaphragm.  Connected  to  this  air-space 
are  two  tubes,  to  which  are  attached  a  double  stethoscopic  ear-piece 
to  convey  the  sound  to  the  ears.  Fig.  18  gives  the  construction 
in  detail. 

Geophones  are  Issued  in  pairs  with  a  compass  mounted  on  a 
piece  of  deal  board  about  9  in.  long,  pointed  at  both  ends,  to 
allow  finer  adjustment  to  the  centres  of  gcophones  when  these  are 
used  in  pairs  for  determining  direction. 

For  magnification  of  sound  only  a  single  g(H)phono  is  used.  At 
each  listening  post  the  lisUmer,  when  only  observing  for  sounds 
of  enemy  mining,  uses  the  single  geophone  arranged  as  shown  in 
previouH  skot<;h.  The  geophone  is  placed  on  a  bench  cut  in  the 
clav.  and  tlif  listener,  being  comfortably  seated,  adjusts  the  ear- 
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piece  to  his  ear,  and  then,  with  watch  and  log-book,  correlates  the 
sounds  heard  and  describes  in  detail  what  he  considers  to  be  their 
nature.  It  is  essential  that  silence  be  observed,  that  the  rubber 
ear-piece  tubes  hang  freely  and  do  not  brush  against  each  other, 
and  that  all  equipment  of  the  soldier  be  free  from  the  liability  of 
producing  creaking  sound. 

The  double  geophone  is  used  for  determination  of  direction. 
The  two  geophones,  previously  calibrated,  are  used  in  this  case, 
one  rubber  tube  of  the  stethoscope  ear-piece  being  attached  to 
each  geophone.  The  unused  nipple  on  each  geophone  is  plugged 
with  a  rubber  stopper.  In  principle  the  two  geophones  now  act 
as  highly  sensitive  ears,  and,  of  course,  it  follows  that  the  listener 
himself  must  possess  unimpaired  hearing. 

As  with  the  natural  ear,  the  direction  of  sound  is  arrived  at  by 
a  wave  length  striking  one  ear  quicker  than  the  other,  whence  we 
get  the  impression  that  the  sound  is  to  the  right  or  to  the  left. 
When  the  wave  length  meets  both  ears  simultaneously  we  get 
the  impression  that  the  sound  Is  directly  ahead  or  behind.  The 
same  principle  applies  to  the  use  of  the  double  geophone. 

To  be  a  successful  listener  one  must  possess  the  faculty  of 
discarding  all  preconceived  ideas  as  to  the  direction  from  which 
the  sound  comes. 

The  two  geophones  are  placed  on  a  bench  cut  in  the  clay  and 
detailed  conditions  apply  as  before  mentioned.  Let  us  assume 
that  the  sound  is  from  the  right.  The  right-hand  geophone 
will  record  the  noise  more  strongly,  and  so  the  left-hand  geophone, 
or  both,  are  slowly  operated  until  tht.'  observer  unconsciously 
notes  that  the  sound  is  directly  ahead.  The  compass  is  then 
placed  across  the  centre  of  the  geophones  and  the  magnetic 
reading  noted.  This  Is  again  re-checked  as  often  as  desired.  For 
determining  the  elevation  of  the  sound  the  same  principle  is  applied, 
but  in  this  case  the  geophones  are  placed  along  the  wall  on  tlie 
clay  one  above  the  other,  and  the  angle  of  dip  or  elevation  noted. 

The  following  table  (No.  2)  will  serve  to  illustrate  clearly  the 
aenaitiveness  of  the  geophone.  These  tests  were  carried  out  in 
blue  clay  similar  to  conditions  on  Hill  00. 
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Table  No.  2. 


Nature  of  sound. 


Distance 

from 

source. 


With  unaided  ears. 


Light  pitking 
Clav-kukiiiiz 


i  175  ft. 
;  125    ., 


As  al>ovo 

W;ilkin^'  ill  iiinftled 
boots  and  j^eiuTal 
gallery  sounds    . . 

Walking  in  muffled 
boots  and  trollcy- 
ing  with  rubbcr- 
flang<*<l  trolloy 
wheels 


Talking  and  (lothos 
briL-shiii'^  against 
gallery 

Talkinti  and  bag- 
dragging 


Shovolliiij:  on  timber' 

flot)r  ..|  110    „ 

I 

I 

Clay  falling  from 

face  60    „ 

Falling  clay  :  fillingj 
bags    walking    in' 

Iv.nts  ..  ,.         45     .. 


40    „ 


30    „ 


20 


10    „ 
5   „ 


Just  distinguished 
Sounds  of  work'u.t: 
not  heard 


Just   detected   by 
expert  listener 

Occasionally 
heard 


Hoard,  but  not 
usually  recog- 
nized   . . 

R  3Cognized 


Just  recognized 


With  geophones. 


Clearly       recog- 
nized   . . 


JuJ-t  heard 

Heard        <jnite 
plainly. 


Clearly  heard 

All    sounds   distin- 
guished 


Clearly  recognized 
Distinctly  heard 


All   sounds   c'early 
distinguished 

Very       distinctly 
heard 


Distinctly       heard 
all  sounds  of 


Gallery  work  dis- 
tinguished very 
readily  from  this 
distance 
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Eledricfdhj 'Connected  Micro  pit  ones. — The  only  instrument  of 
this  class  with  which  the  writer  has  had  personal  experience  is  the 
*'  western  electric  mining  detector."  It  consists,  ])riefly,  of  a 
microphone  connected  electrically  with  a  telephone  ear-piece,  so 
that  earth  vibrations  are  transformed  into  electrical  impulses. 
In  the  circuit  is  a  set  of  five  variable  resistance  coils,  which  enable 
the  electric  impulse  to  be  reduced  to  zero.  The  instrument  is 
calibrated  by  placing  the  microphone  in  the  same  nature  of  soil 
as  that  in  which  it  is  intended  to  be  used.  Then  at  regular 
mtervals  of,  say,  5,  10.  15,  20,  25  ft.,  and  so  on,  a  constant 
bumping  on  the  ground  is  made.  The  person  calibrating  the 
instrument  now  places  a  resistance  in  the  circuit  until  the  sound 
can  be  just  heard.  This  point,  of  course,  need  only  depend  on 
the  personal  factor  of  the  observer. 

\Mien  all  the  distances  have  been  calibrated  we  get  two  factors 
— (1)  distance  of  sound  from  microphone,  (2)  resistance  placed  in 
circuit.     From  these  a  graph  can  be  derived. 

In  actual  work  the  sound  at  an  unknown  distance  is  heard  :  the 
resistance  can  be  calculated,  and  from  the  giaph  the  distance  of 
the  source  of  the  noise  found. 

This  type  lends  itself  to  the  establishment  of  central  listening 
stations,  and  it  i>  tlierel>y  claimed  to  save  labour  in  listeners. 
From  the  experience  of  No,  1  company  this  practice  [possesses 
many  disadvantages  when  compared  with  the  system  of  having 
a  listener  in  every  post   using  the  geophone. 

Take  the  case  of  the  two  systems  side  by  side.  Assume  r)0 
listening  posts. 

With  the  geoj)hone  for  every  minute  of  the  day  there  is  at 
least  one  and  perhaps  three  or  four  listeners  capable  of  ])i(king 
up  any  sound  made  during  that  period.  Now  for  the  listener 
on  the  central  listening  station.  Considerable  time  must  elapse 
before  he  can  plug  and  unplug  connections  for  the  5(»  ])()sts  and 
give  a  reasonable  time  to  list^'uing  to  each  post,  ('(niseciuently, 
all  sorts  of  things  may  ha])))en  at  the  other  extreme  posts,  and 
vital  information  may  be  lost.  Again,  he  do<^s  not  get  such  a 
clear  reprodiution  of  ^fumd  as  does  tlir  man  with  the  cjeojihone. 
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It  inav  be  argued  that  a  patrol  with  a  goophone  can  investigate 
posts  from  which  noises  are  reported  from  the  central  listening 
station,  but  against  this  procedure  can  be  laid  the  following 
general  conditions  : — 

In  all  mining  systems  a  stage  is  eventually  reached  when  both 
sides  are  fully  aware  that  the  other  is  mining  against  him. 
Consequently,  it  is  only  correct  to  assume  that  both  sides  strictly 
enforce  silence  in  their  operations,  and  it  may  from  experience 
be  almost  given  as  a  rule  that  either  side  only  obtains  vital 
information  from  the  carelessness  of  the  other.  Consequently, 
with  a  geophone  at  each  post  these  slips  on  the  part  of  the  enemy 
are  noted,  and  a  very  true  idea  as  to  their  nature  instantly 
obtained.  AVith  the  central  listening  station  the  post  may  have 
been  recently  disconnected,  and  very  valuable  information  lost. 

Training  of  Listeners. — ^All  listeners  were  trained  at  the  Second 
Army  ^line  School  at  Proven  under  the  command  of  Capt.  Pollock 
(of  Sydney  University).  Here  a  model  mine  was  made,  with 
one  gallery  in  the  surface  clay  and  the  other  in  the  blue  clay. 
Adjacent  to  this,  and  entirely  separated,  was  a  second  mine 
running  at  an  angle  to  the  first  system. 

In  system  No.  1  the  men  being  trained  for  listening  were  posted 
from  time  to  time  at  different  listening  posts,  so  arranged  in  con- 
junction with  system  No.  2  that  the  distance  from  the  source  of 
noises  could  be  regulated. 

In  system  No.  2  mining  was  carried  out  by  a  party  of  miners 
under  conditioas  similar  to  front  lino  work. 

In  the  early  stages  of  training  the  listener  was  given  a  schedule 
which  showed  the  nature  of  the  work  being  carried  out  in  No.  2 
BVHtem,  thereby  being  enabled  to  associate  the  noises  with  their 
correct  origin. 

I^ter,  he  had  to  construct  a  schedule  himself  from  Ids  listening 
record.  nr»ting  the  time  at  which  the  varied  operations  of  mining 
ill  No.  2  Ky>teni  were  carried  out  and  identifying  each  (^lass. 

Still  latrr  he  wa^  trained  in  diicction  of  sound  by  the  double 
geophone. 

The  ftour.-M*  lasted  ten  da  vs. 
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Th(^  lot  of  the  listener  is  a  most  unenviable  one,  and,  un- 
fortunately, as  regards  the  general  public  and  perhaps  the  other 
arms  of  the  service,  is  not  truly  recognized.  It  was  a  branch  of 
duty  which  entailed  constant  faithful  sei^ace  without  the  glamour 
attaching  to  the  other  branches  of  the  service.  A  listener  might 
be  posted  hundreds  of  feet  behind  the  enemy  lines,  keeping  his 
lonelv  ^'igil,  his  only  means  of  escape  being  a  galler>^  4  ft.  3  in. 
high  and  2  ft.  3  in.  wide.  Once  per  tour  of  duty  he  was  visited 
by  his  N.C.O.  and  the  officer  on  duty. 

HLs  tour  of  duty  was  6  hours  listening,  6  hours  rest  (in  which  he 
obtains  his  meals),  and  then  back  to  duty  again.  The  tour  of 
duty  in  the  line  is  -i  days,  after  which  he  was  relieved,  and  went 
back  for  rest  for  4  days. 

The  history  of  the  company  shows  many  acts  of  heroism  per- 
formed by  those  trusty  soldiers,  to  whose  efforts  has  to  be  placed 
the  successful  guarding  of  Hill  CyO  through  months  of  dangerous 
and  anxious  duty. 

Mine- Rescue  AVork. 

Hand  in  hand  with  the  scientific  advancement  of  the  different 
phases  of  underground  warfare  went  that  of  mine-rescue  work. 
Due  to  the  number  of  casualties  caused  by  carbon  monoxide 
poisoning — the  result  of  our  own  or  enemy  blows — each  army 
had  a  fully-equipped  mine-rescue  school,  where  men  from  the 
various  tunnelling  companies  in  the  arm}'  were  trained  and  then 
given  revision  courses  at  stated  intervals. 

Equipment  of  Mine-Rescue  Schools. — In  the  British  Army  the 
standard  apparatus  used  for  providing  the  wearer  with  a  supply 
of  factitious  but  respirable  air  and  allowing  the  wearer  to  work 
in  the  most  poisonous  gases  were  : — 

(1)  The  proto  set. 

(2)  The  salvus  set.     (This  set  is  really  a  miniature  proto 

set,  with  a  supply  of  oxygen  for  J  to  1  hour.     It  Ls  very 

light  and  portable,  and  was  chietly  used  by  officers  in 

rapid   reconnaissances   after   enemy   blows.) 

In  addition   to  these    sets,  there   was  the    novita    or    oxygea 

rex-iving  apparatiLs,   used   for   resuscitation   work   in  conjunctioQ 
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with  the  application  of  Schaefer's  method  of  artificial  respiration 
to  the  })orson  gassed. 

Die  Proto  Set. — Fig.  li)  gives  a  diagrammatic  view  of  this 
apparatus.  Briefly,  it  consists  of  two  steel  cylinders,  each  capable 
of  holding  5  cub.  ft.  of  oxygen  gas  compressed  to  120  atmospheres 


C\vgcn  Cylin^trs 


Pressure  QauOt  SaUl    -^ — U- 


f   c  t'b'c  Pressure  (^oi'Ofc  Tub 


f^c«rfi-ic-r>^V^Ivt. 


'-  0-v?^*-'7  Sug^jTybt 


E  nhfllinQ  Valve  -^ 

'"rcs&wrc  Q^uot. 
E,xh/»lin9   CompflrTmcnt 
Irh^ 'in 9  Compartment  -^ 

Fi(i.   11). 

DlA(;iiAMMATI(J    SKT    '•  PUOTO  "    AlM'AlCATCS. 

(1800  lb.)  per  s.].  in.  A  reducing  valve  is  fitted  to  these  cylinders, 
so  adjusted  as  to  pass  a  regular  supply  of  2  litres  of  oxygen  per 
minute,  no  matter  what  the  pressure  may  be  in  the  cylinders. 
Tho  roilucing  valve  delivers  the  oxygen  through  a  flexible  tube 
to  the  breathing  bag,  which  is  carried  on  the  chest.  This  bag  is 
of  Htrong  rubVw^r  contained  in  an  outer  bag  of  canvas.  It  has 
two  conipartmonts,  which,  however,  communicate  near  the 
bottom  of  the  bag  througli  a  filtcj-  bed  of  stick  caustic  soda.     This 
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bag  is  fitted  with  a  saliva  trap  and  a  relief  valve  for  allowing 
excess  air  to  escape.  The  mouth  of  the  bag  is  closed  with  metal 
clamps  and  wing  nuts.  From  the  oxygen  compartment  of  the 
breathing  bag  runs  a  flexible  corrugated  tube,  fitted  with  an 
inhaling  valve  to  the  mouth-piece,  and  from  the  mouth-piece  runs 
a  similar  tube  fitted  with  an  exhaling  valve  to  the  saliva  trap 
and  thence  to  the  other  compartment  of  the  breathing  bag. 

The  mouth-piece  has  two  rubber  grips,  which  are  held  between 
the  teeth,  and  a  rubber  flange  held  between  the  lips  and  the  teeth. 
To  ensure  this  being  kept  in  position  it  is  attached  bv  woven 
straps  to  a  skull  cap. 

A  nose  clip,  to  prevent  breathing  through  the  nose,  is  aLso 
attached. 

Connected  to  the  oxygen  supply  pi])e  i^  a  flexible  tube  leading 
to  a  pressure  gauge,  which  enables  the  wearer  to  read  off  the 
amount  of  available  oxygen  remaining  in  his  cylinders,  and  a 
by- pass  valve,  by  means  of  which  oxygen  can  be  admitted  to 
the  breathing  bag  at  a  greater  rate  than  that  supplied  bv  the 
reducing  valve. 

The  whole  is  supported  on  a  broad  belt  which  fits  over  th© 
shoulders  and  straps  round  the  waist.  The  oxygen  cylinders  are 
carried  on  the  back,  the  breathing  bag  on  the  chest,  and  the  main 
valve,  reducing  valve,  and  by-pass  valves  on  the  left  side  in  such 
a  position  as  to  be  readily  operated  by  the  right  hand. 

OperaUon. — About  4  lb.  of  stick  caustic  soda  (98.99  %  pure) 
are  placed  in  the  breathing  bag.  The  apparatus  is  then  adjusted 
to  the  body  and  the  mouthpiece  inserted.  Breathing  is  then  carried 
on  with  the  main  valve  opened  about  one  turn,  and  when  the 
breathing  bag  is  slightly  inflated  the   nose-clip  is  attached. 

Cycle  of  Oxygen  Gas. — ^AVhen  the  main  valve  is  opened  the 
oxygen  passes  through  the  reducing  valve,  then  through  the 
flexible  rubber  tube  to  the  oxygen  compartment  of  the  breathing 
bag.  From  here  it  is  withdrawn  by  inhaling  into  the  lungs.  The 
exhaled  air  passes  to  the  other  (•om])artment  of  the  breathing 
bag,  whence  it  slowly  filters  through  the  raustir  soda  filt<'r  bod 
to  the  oxygen  compartment. 
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In  pai>sing  through  the  filter  bed  the  CO  2  in  the  exhaled  air 

is  absorbed  bv  the  caustic  soda  with  the  formation  of  carbonate 

of  soda — 

2XaOH  +  COo  =  Na2C03  4-  H.,0. 

Tliis  reaction  is  accompanied  by  the  formation  of  heat,  and  to 
cool  the  breathing  bag  from  time  to  time  oxygen  is  admitted  to 
the  bag  direct  by  means  of  the  by-pass,  the  relief  valve  being 
depressed  at  the  same  time.  In  order  that  the  formation  of  the 
carbonate  may  not  render  the  filter  bed  impervious,  the  sticks 
should  be  well  rubbed  together  from  time  to  time  by  grasping  the 
bottom  of  the  breathing  bag  in  the  hand. 

With  this  apparatus  the  wearer  is  enabled  to  work  in  a  vitiated 
atmosphere  for  about  two  hours  on  end. 

The  Novila  Set  or  Oxygen  Reviving  ApparcUus. — This  set  consists 
of  a  single  oxvgen  cylinder  with  a  control  valve  admitting  oxygen 
to  a  rubber  bag  of  about  1  cub.  ft.  capacity.  From  this  bag  runs 
a  flexible  rubber  tube  (on  which  is  a  clip  valve),  ending  in  a 
rubber  face-mask  fitted  with  an  exhaling  valve. 

The  person  gassed  is  laid  face  downwards,  the  rubber  mask 
placed  over  his  mouth  and  nostrils,  and  while  Schaefer's  method 
of  resuscitation  is  being  applied  oxygen  is  admitted,  so  that,  in 
inhaling,  free  oxygen  is  drawn  into  the  lungs. 

Air-Testifig. — To  test  the  purity  of  the  air  the  proto  men 
carried  canaries  or  white  mice  in  a  wire  cage  opened  on  all  sides, 
on  the  top,  and  bottom.  The  rapid  heart-beat  of  these  indicators 
results  in  poisonous  gases  being  assimilated  to  their  system  much 
more  rapidly  than  would  be  the  case  with  the  human  being,  thus 
giving  a  reliable  indication  of  a  danger  point. 

The  scientific  employment  of  these  indicators  was  not  always 
gnLsped  bv  the  rank  and  file,  as  the  following  incident  illus- 
trates : — 

We  ha<l  blown  a  camouflet  of  30(X)  lb.,  and  as  soon  as  the 
pallery  was  pronounced  clear  we  commenced  to  recover  our 
former  poHition,  An  air-pipe  was  placed  up  to  the  face,  and,  to 
prevent  dan^'f-r  from  gas  cavities  when  driving  through  the 
shattered  ground,  a  white  mouse  was  left  with  the  facemon  as  an 
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indicator.     Judge   of   tlie   officer's   surprise,   when,   later,   visiting 
the  face,  he  found  the  mouse  and  cage  suspended  in  front  of  the 
air    supply !      AMien    remonstrated    with,    one    faceman    replied 
"  WTiy,  the  amount  of  fresh  air  that  mouse  will  breathe  won't 
harm  us  !  " 

Training  in  the  Use  of  the  Apparatus. — All  officers  and  specially- 
selected  men  went  through  a  course  at  the  mine -rescue  school. 
Here  air-tight  galleries  of  standard  size  were  constructed  on  the 
surface  with  windows,  so  that  the  operations  could  be  watched 
by  the  instructors.  These  galleries  could  be  filled  with  smoke 
or  gas  from  a  small  furnace,  so  that  actual  conditions  of  the  most 
rigorous  type  could  be  enforced.  Operations  such  as  bag-dragging, 
tamping,  and  rescuing  in j urea  persons  were  carried  out. 

In  addition,  ladder-ways  and  small  openings  were  included  in 
the  system,  the  nearer  to  approach  to  actual  conditions. 

lectures  on  the  theory  and  care  of  the  apparatus  were  given, 
and  one  section  of  the  practical  examination  consisted  in  local- 
izing the  defects  in  apparatus.  A  medical  officer  gave  lectures  in 
mine  gases  and  the  application  of  Schaefer's  method  of  resuscita- 
tion in  conjunction  with  the  use  of  the  no  vita  set. 

Organization  in  the  Trenches. — At  every  separate  mine  system 
two  protomen  were  always  on  duty  on  each  shift,  the  whole  being 
under  the  charge  of  an  N.C.O.  They  kept  all  the  apparatus  in 
good  order,  and,  immediately  on  an  enemy  blow,  or  after  one  of 
our  own  blows,  made  a  complete  inspection  of  the  mine  system. 
All  men  working  below  were  ordered  to  come  on  top  immediatelv 
on  an  enemy  blow,  and  to  remain  there  until  the  galleries  were 
pronounced  clear  of  gas. 

In  order  to  economize  in  apparatus,  all  proto  sets,  once  the 
pressure  had  fallen  to  00  lb.,  were  sent  back  to  the  mine-rescue 
school  to  have  the  cylinders  re-charged  and  a  thorough  overhaul 
of  the  apparatus  made. 

Dugouts. 

The  construction  of  dugouts  and  machine-gini  emplacements 
formed  an  important  part  of  the  work  of  tunnelling  companies. 
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—  Lonpt    5cctioc?  — 
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Fi.;.  20. 
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Figs.  22  and  23  gives  a  general  lay-out  of  the  standard  dugout  or 
machine-gun  emplacement. 
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The  only  special  feature  in  the  larger  dugouts  was  the  size  of 
the  galleries.  They  were  8  ft.  x  7  ft.  in  the  clear,  necessitating 
an  excavation  of  9  ft.  x  8  ft.  In  the  average  clay  this  width  was 
too  large  to  carry  in  one  face,  as  the  bark  invariably  bellied. 
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Fig.  20  shows  the  details  of  the  method  of  driving  these  galleries 
with  the  aid  of  a  pilot  gallery. 

Fig.  '21  and  21a  show  in  detail  the  construction  of  a  4-way 
opening-out  set  used  in  large  dugouts  where  a  centre  support  was 
not  desirable. 
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Fig.  21a. 

Details,  Hill  63  Dugoutb. 

Scale— %  in.  =  1  ft. 
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One  particular  system  of  dugouts  constructed  by  this  company 
is  worthy  of  special  mention,  it  Ijcing  the  largest  of  its  type 
constructed  by  the  Briti.sh  Army.  The  system  was  known  as 
Hill  G.'5  Dugout.     Fig.  21    gives  the  details  of  construction.     Tt 
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istructed    at  Hyde    Park  Corner,    in  Ploegsteert  Wood. 


was    cons 


Trench 


The  following  details^show  the  magnitude  of  the  work  :— 
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Number  of  working  days  ....  6*3 

Average    iiumber  of  men    employed,  in- 
cluding attached  infantry       . .  . .  197 

Cubic  feet  of  earth  removed  . .  . .  192,588 

Average  cubic  feet  of  earth  removed  per 

man  per  day     . .  . .  . .  . .  15 

Average    progress    per   man   per  day   on 

the  job .22  ft. 

Total  footage  of   8-ft.  x  7-ft.  gallery,   in 

the  clear  ^      . .  2399  ft. 

Total   footage  of    G-ft.  x  4-ft.  gallery,  in 

the  clear  . .         . .         . .         . .  146   „ 

Aggregate  footage   . .  . .  . .  . .  2722   „ 

Sets  of  timber  used  . .  . .  . .  3435   „ 

Entire  timbering 520,000  sup.  ft. 

Bunk  sleeping  accommodation  for  . .  1200   men 

In   addition,   accommodation   was   made    for   officers'    quarters 
in  steel-framed  dugouts  placed  under  the  spoil  dump  with  about 
12  ft.  of  cover.     The  system  could  accommodate  a  further    150 
ranks  in  addition  to  50  officers.     A  typical  example  of   progress 
in  smaller  dugouts  is  shown.     The  dugouts  were  constructed  in 
Hooge  crater  for  Brigade  headquarters  prior  to  the  Menin  Road 
battle  in  September,  1917. 

Total  hours  to  complete  job  . .  . .  312 

Hours  delay  due  to  enemy  shelling  . .  23} 

Actual  hours  worked  . .  . .  . .  288} 

Average  number  of  men  per  shift  . .  27.4 

Footages — 3  stairways  (>  ft.  3  in.  x  2  ft.  9  in. 

in  clear,  130  ft.  in  length  . .       120.3  cub.  yd. 

Alain  gallery.  (>  ft.  3  in.  x  3  ft.  3  in. 

in  clear.  1 27.1  ft.  in  length  ..       111.8     „ 

Dugouts,  ()  ft.  ()  in.  X  (>  ft.  in  clear, 

140  ft.  in  length 233.3     „       „ 

Total  excavation  .  .  .  .  . .      465.4     ,,       „ 

Cubic  feet  spoil  n^noved  per  hour  ..  1.6     „       „ 

Ground — blue  clay. 

Spoil  sand-bagged  and  hoisted  by  truck  up 
the  three  stairways. 
Figs.  22  and  23  illustrate  this  section. 
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SOME  CONTROLLING  FACTORS  IN  FLOTATION. 

By  Ralph  D.  Nevett. 

(Read  before  the  Broken  Hill  Branch.) 

The  object  of  tliis  paper  is  to  offer  some  suggestions  to  assist 
metallurgists  to  supervise  the  operations  of  flotation  plants.  We 
do  not  yet  thoroughly  understand  what  *'  flotation  ''  is,  or  "'  why 
minerals  float,"  and  all  attempts  that  have  been  made  to  explain 
the  phenomena  have  been  based  on  theory  or  imagination,  and 
have  not  been  capal)le  of  substantiation  by  practical  demonstra- 
tion, or  even  by  laboratory  tests  ;  but  it  is  well  known  that  par- 
ticular minerals  will  float  in  a  liquid  under  certain  specified 
conditions,  and  that  some  other  minerals  will  not  float  under 
those  conditions,  and  that,  if  a  mixture  of  the  two  classes  of 
minerals  be  subjected  to  those  conditions,  there  will  be  sepaiation 
of  the  minerals,  of  which  one  class  will  float  and  the  other  will 
remain  unfloated  as  a  residue.  The  duty  of  the  flotation  expert 
is  to  so  control  the  operations  and  the  conditions  of  the  liquor 
as  to  obtain  the  best  commercial  result  from  the  ore  he  is  treating. 
The  chief  controlling  factors  in  a  flotation  plant  appeal'  to  fall 
under  the  following  eight  headings,  all  of  which  are  important :  — 

1.  Cnishing. 

2.  Rate  and  regularity  of  feed. 

3.  Density  of  pulp. 

4.  Temperature. 

5.  Addition  agents. 

6.  Condition  of  circuit  liquor. 

7.  Agitation. 

8.  Aeration. 

^Tbis   paper  is   separately  bound,   aad    may  be,    if    d    desired,    ditaobed  complete  from 
tbi4  nnrobor.  ] 
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Crushing. 


The  ideal  feed  for  flotation  treatment  ia  the  true  slime  which 
has  been  the  bugbear  of  metallurgists  throughout  the  ages.  This 
fact  should  be  remembered  and  taken  advantage  of  wherever 
possible,  although  it  would  not  be  profitable,  as  a  rule,  to  continue 
the  crushing  operation  on  crude  ore  to  so  great  a  degree  as  to 
make  a  slime  of  it.  It  may  be  generally  accepted,  however,  that 
it  is  bad  practice  to  have  any  particles  remaining  on  a  40-mesh 
screen.  This  Ls  not  true  in  some  exceptional  cases,  as  sometimes, 
for  instance,  with  laminated  minerals  such  as  molybdenite  and 
certain  copper  ores. 

AVhether  the  degree  of  crushing  is  qualified  by  classifiers 
or  screens,  it  is  advisable  for  the  metallurgist  to  assume 
pei-sonal  control  by  having  laboratory  sizing  tests  made  on 
regidar  samples  of  the  crushed  feed.  In  practice  it  will 
be  generally  found  that  the  \nidei*size  of  a  20-mesh  revolving 
screen,  with  45  %  screening  area  when  fully  loaded,  will 
almost  entirely  pass  through  a  40-mesh  laboratory  screen 
(I.M.M.  standard). 

An  efficient  crushuig  plant  is  the  first  essential  for  flotation 
tn-atment. 

There  are  two  reasons  why  the  ore  recpures  to  be  crushed  so  that 
all  particles  will  pass  through  a  40-mesh  screen — 

(1)  BecaiLse  the  bubble  of  air  or  gas  which  becomes  attached 
to  a  particle  lia.s  not  sufficient  powei-  to  float  larger  particles  of 
mineral  which  arc  produced  by  any  other  coarser  crushing.  If, 
moreover,  a  bubble  of  gas  were  large  enough  to  float  a  larger 
particle,  the  resistance  which  it  would  offer  to  the  flow  of  the 
pulp  would  probably  cause  it  to  he  wijied  off  and  removed  fiom 
the  particle  Ix^fore  it  had  time?  to  icach  the  suiface  of  the  flotation 
hath. 

(2)  I^r^'  particles  of  ore,  when  being  hurled  around  in  the 
agitation  zone  of  the  flotation  vessel,  do  considerable  damage  in 
hindering  a^; ration  by  cutting  bubl)les  of  gas  off  other  particles 
of  mineral. 
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Rate  and  Regularity  of  Feed. 

it  is  essential  that  the  rate  of  feed  going  into  the  flotation 
plant  should  be  as  nearly  regular  as  possible  each  second  of  time. 
Tlicre  Ls  nothing  wliich  interferes  so  much  with  treatment  as 
irregularity  in  the  rate  of  feed  and  irregularity  in  the  (quantity 
of  liquor  which  passes  through  the  plant  from  moment  to  moment. 
It  is  a  simple  matter  to  make  the  rate  of  feed  and  liquor  regidar 
bv  means  of  a  large  agitator  or  Dorr  tliickcner  placed  at  the  head 
of  the  treatment  vessels.  This  agitator  or  Dorr  thickener  can 
store  quantities  of  feed  supplied  to  it  in  an  irregular  manner  by 
the  preparatory  plant  and  deliver  it  in  a  regular  flow  at  its  dis- 
charge to  the  treatment  plant.  This  storage  of  slime  also  enable? 
the  flotation  plant  to  be  operated  continuoasly  through  any  small 
stoppao;es  of  the  preparatory  plant. 

Density  ok  Pulp. 

It  LS  necessary  that  the  feed  should  be  introduced  to  the  treat- 
ment plant,  in  the  foim  of  pulp,  at  a  predetermined  density  which 
is  best  suited  to  the  process.  The  density  should  be  maintained 
\t  a  regular  late  from  moment  to  moment  just  as  strictly  as  the 
rate  of  feed  itself. 

Extensive  experiments  were  made  on  the  dump  material 
flotation  plant  at  the  Junction  North  mine  for  the  purpose  of 
determining  a  suitable  density  and  rate  of  feed.  It  was  found 
that  variations  of  density  had  an  im])ortant  efliect  upon  the  rate 
of  feed  that  could  be  treated.  When  the  density  was  •")<)%  solids 
it  was  impossible  to  treat  more  than  8  tons  of  dump  material 
per  hour,  ami  then  oidy  with  pooj-  metallurgical  results.  When 
the  density  was  reduced  to  3")  %  solids  the  same  plant  treated 
24  tons  of  dumj)  material  per  hour  witli  excellent  metallurgical 
results.  This  fact  alone  shows  how  simply  a  flotation  plant 
can  c^o  wrong. 

It  will  be  Si»en  from  this  that  the  rate  of  feed  and  density  are 
illied  with  each  other  and  comph'mentary,  and  should  be  kept 
inder  constant   control.     The   following   is  a   quick   and    reliable 
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method  for  controlling  tlie  density  of    the   pulp    in    a  flotation 
plant  :  — 

A  tin  is  made  to  liold  1000  ccs.  of  water  up  to  a  mark,  sa}^ 
about  half  an  inch  below  the  top.  The  tin  is  dipped  quickly  into 
the  flowing  pulp  and  filled  up  to  the  mark.  It  is  then  weighed, 
using  a  counterpoise  for  the  tin.  The  shift  boss  or  operator 
should  make  such  a  density  test  at  intervals  not  greater  than 
15  minutes.  The  weight  of  the  pulp  would  be,  say,  l.'^aO  to 
MOO  grm.,  which  represents  about  30  to  34  %  of  solids  in  the 
pulp  at  the  dump  material  treatment  plant  at  the  Junction  North 
mine.  If  the  weight  is  greater  than  1400  grm.  the  operator  adds 
water  to  the  pulp  as  it  leaves  the  Dorr  thickener. 

Temperature. 

AVith  some  ores  flotation  can  be  carried  out  in  the  cold,  but 
a  good  many  ores  require  heat  to  a  limited  extent.  Sometimes, 
with  ores  containing  several  minerals,  it  is  necessary  to  have  a 
little  heat  for  the  flotation  of  one  mineral  and  a  greatly  increased 
i;mount  of  heat  for  the  flotation  of  the  second  mineral.  At  the 
dump  treatment  plant  at  the  Junction  North  mine  in  the  selective 
i'otation  treatment  of  lead  and  zinc  sidphides  by  either  the 
Bradford  process  or  the  P.-8.-N.*  process,  it  has  always  been 
necessary  to  watch  the  temperature  of  the  pulp  very  closely.  In 
the  lead  section  the  most  suitable  temperature  was  89°  to  90°  F. 
Even  a  single  degree  over  90°  F.  has  been  detrimental  to  the 
grade  of  the  lead  concentrate,  as  zinc  sulphide  commenced  to 
float  with  the  lead  concentrate  with  the  rise  in  temperature.  In 
the  zinc  section  the  best  results  were  obtained  at  a  temperature 
of  135°  F.  with  the  Bradford  process,  and  at  a  temperature  of 
125°  F.  with  the  P.-8.-N.  process.  If  the  temperature  is 
allowed  to  drop  to  130°  F.  in  the  former  case,  the  zinc 
r-onc**p^'  '♦"  is  not  completely  floated,  and  a  loss  is  made  in 
the   I'  No  benefit  is  gained  by  increasing  the   tempera- 

ture above  135°  F. 


*  PalmfT-SeaIe-N»!vott  process. 
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Metallurgists  like,  wherever  possible,  to  treat  the  ores  with  as 
little  added  heat  as  possible,  to  save  cost.  Wierever  heat  is 
required,  attempts  are  made  to  utilize  exhaust  steam  of  engines 
and  other  sources  of  heat,  if  possible.  It  ls  not  always  possible, 
however,  to  make  use  of  exhaust  steam  in  this  way,  even  if  same 
may  be  available.  The  favourite  method  of  heating,  although 
]>crhar»>  the  most  expensive  method,  Ls  by  the  introduction  of 
liigh-pressure  steam  direct  from  the  boilers  to  the  pulp,  which  Ls 
always  very  convenient  and  easy  to  manipulate,  and  has  quick 
and  effective  results,  requiring  only  the  operation  of  a  valve 
from  time  to  time  for  keeping  the  temperature  of  the  pulp  constant. 
The  ease  with  which  high-pressure  steam  can  be  obtained  by  the 
operator,  and  the  fact  that  extra  temperature  does  no  harm  in 
zinc  treatment,  makes  it  liable  to  be  Avasted  very  considerably. 
A  close  watch  requires  to  be  kept  on  the  steam  consumption  in 
this  way,  as  it  might,  ))esides  being  wasteful  in  costs,  tend  to  over- 
load the  boiler  plant  if  it  is  otherwLse  working  at  high  pressure. 


Addition  Agents. 

la  all  flotation  plants  it  is  necessary  to  add  some  chemicals. 
The  point  at  which  such  chemicals  should  be  added  Ls  an  important 
one,  and  should  be  determined  carefully.  It  is  a  matter  of  vital 
importance  that  the  valuable  minerals  in  the  pulp  should  l)e  in 
a  properly  prepared  condition  suitable  for  floating  before  tlie 
pulp  enters  the  flotation  machine.  For  the  purpose  of  ensuring 
thLs,  it  Ls  obvious  that  whatever  chemicals  are  recpiired  should 
be  added  to  th<'  P^^lp  ^^  least  before  it  reaches  the  flotation 
machine.  FnM|uontly  tho  ])urpos<'  will  be  served  if  the 
chemicals  are  added  in  the  agitation  machine,  but  some- 
times it  Ls  advisable,  to  add  them  to  the  ])ulp  before  it  reaches 
the  agitation    inachim;. 

When  acid  Ls  recpiired,  generally  speaking  the  best  \)\'iHv  to  add 
it  is  in  the  agitation  machine,  although  it  may  sometimes  he 
added  directly  to  the  flotation  machine.  Krequentlv  aei<l  produces 
gases,  sueli  as  sul|)hurette(l  hydrogen.   ))v  action   u|)on   the  pulp. 
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which  are  lianntul  to  flotation,  and  it  is  advisable  to  let  these 
have  time  to  disappear  before  the  pulp  reaches  tlie  flotation 
machine. 

Oil  i>  not  an  essential  leagent  in  flotation,  but  when  it  is  used 
it  should  be  added  far  enough  back  in  the  flow  to  ensure  its 
emulsiftcation  in  tlie  pulp  before  it  reaches  the  flotation  machine. 
Wlien  it  is  not  thoroughly  emulsified,  oil  is  distinctly  detrimental 
to  flotation.  Oil  should  never  be  added  directly  to  the  flotation 
machine,  but  mav  be  added  in  the  tube  mills  or  other  grinding 
machines  or  in  the  return  liquor  pump  or  in  the  agitation  machine, 
as   mav   be   found   best   in   ])ractice. 

Condition  of  Circuit  Liquor. 

It  Ls  usually  convenient  to  employ  the  ordinary  mill-feed  water 
fnr  making  up  flotation  circuit  liquor.  The  first  essential  is  that 
this  water  shall  be  clean — that  is,  free  from  sediment.  Such  feed 
water  Ls  itsually  drawn  from  the  underground  drainage  system, 
U)  wliich  has  been  added  some  fresh  water  from  the  surface 
rainfall  supplies.  The  mine  water  would  probably  contain  a 
certain  amount  of  salts  in  solution,  and  in  some  cases  the  pro- 
p<»rtion  of  salts  in  solution  would  render  the  water  unsuitable  for 
flotation. 

The  mill  water  (M)ming  in  contact  witli  the  ore  usually  dissolves 
a  good  deal  of  the  soluble  inqiurities  from  it,  and  by  the  time  the 
water  readies  the  flotation  plant  it  might  be  too  heavily  charged 
with  salts  to  make  it  siiital)](>  fof  acting  as  a  flotation  circuit 
li(juor, 

Tlie  flotation  circuit  li(pioc  i('((uires  some  propeities  other  than 
cleanline8.s  to  en«ure  its  successful  use  in  a  flotation  plant,  but 
it  Is  not  clear  what  thosj'  properties  are.  For  a  long  time  it  was 
thouf?ht  that  it  was  necessary  to  liave  at  least  a  comparatively 
larg»;  definite  quantity  of  salts  in  solution,  and  that  this  was  the 
mai!)  controlling  factor  in  the  constitution  of  a  good  circuit 
li'pior  for  flotation.  PVom  many  t^sts  carried  out  at  the  Junction 
Vorf),  rnii...    it   ^.v,^I(l  apfH'ar  even  yet  as  if  the;  (jua?itity  of  salts, 
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and  kind  of  salts,  in  solution  exerted  an  important  influence  on 
the  flotation  operation.  Tt  was  noticed  sometimes,  when  the 
flotation  plants  were  not  working  well,  that  the  quantity  of  salts 
in  solution  had  cither  dropped  below  1400  gr.  per  gal.  or  had 
risen  alx)ve  2G<X)  gr.  per  gal.  It  would  seem  from  the  various 
tests  that  the  best  results  were  obtained  when  there  were  about 
2000  gr.  of  salts  per  gal.  in  the  solution.  The  salts  were  mainly 
salts  of  manganese,  zinc,  iron,  and  calcium.  It  would  l>e  a  very 
diflBcult  matter  to  carry  out  a  set  of  tests  either  in  the  laboratory 
or  in  an  o^)erating  plant  to  prove  the  effect  of  salts  in  solution. 
The  ore  itself  containing  soluble  salts  would,  as  soon  as  it  comes 
in  contact  with  puie  water,  immediately  provide  some  salts  in 
solution. 

A  good  deal  of  work  has  been  done  at  the  Junction  North  mine 
and  by  other  investigators  to  endeavour  to  determine  the  actual 
effect  of  certain  specified  salts  in  solution,  and  a  good  deal  of 
interesting  information  haa  been  collected  ;  l)ut  it  has  never  yet 
been  shown  that  any  of  th(^  connnon  salts  which  naturally  go 
into  solution  in  the  Broken  Hill  treatment  have  a  very  marked 
influence  upon  results,  unless  present  in  excessive  quantities, 
and  none  of  the  salts  known  to  exist  in  the  circuit  liquors  in 
Broken  Hill  have  anything  like  so  great  an  influence  upon  the 
treatment  as  to  explain  the  reason  why  some  flotation  liquors  are 
energetic  and  others  dull  in  their  action.  It  is  distinctly  notice- 
able, when  flotation  work  is  going  on  successfully  in  the  plant, 
that  the  flotation  li<inor  has  some  property  which  has  never  yet 
been  thoroughly  defiiuid,  and  it  seems  to  be  a  physical  property 
denoting  energy  which  has  been  instilled  by  some  means  into  the 
circuit  liquor.  Sometimes  the  nature  of  the  li([Uor  can  be 
corrected  by  alteration  to  the  oiling,  sometimes  by  alteration  to 
the  applicaticm  of  acid.  The  new  P.-S.-N.  process  claims  to 
correct  the  conditions  of  tli(>  licpiors  in  many  cases  l)v  aildition 
of   elemental   sulphur. 

If  oil  exists  in  the  circuit  li([Uor  it  must  be  enmlsified.  Free 
oil  Is  very  detrimental  to  flotation  work,  as  can  easily  be  seen 
in  the  Cascade  process.     If  a  few  «lrops  of  oil  are  admitted  to 
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the  first  Cascade  vessel  its  effect  will  be  vseeu  on  each  of  the  fol- 
lowing Cascade  vessels  of  the  series  in  killing  the  float  which  was 
just  nrovioiislv  there. 

Agitation. 

Agitation  is  beneficial  in  all  methods  of  flotation  of  all  classes 
of  ore.  Some  classes  of  ore,  however,  do  not  require  so  much 
agitation  as  othei"s,  and  calcitic  ores  treated  by  purely  acid 
pmcesses  usually  require  only  a  moderate  degree  of  agitation 
l)efore  treatment.  The  quantity  of  calcite  present  in  the  ore 
need  not  be  more  than  a  few  pounds  per  ton.  The  acid  readily 
sets  free  the  COo  gas  which,  being  nascent,  rapidly  attaclies  itself 
to  the  mineral  particles  and  floats  them.  The  intimate  associa- 
tion of  the  calcite  in  the  ore  ensures  successful  gassing.  Such 
ores  as  do  not  contain  calcite  or  any  other  carbonates  require 
treatment  by  agitation/ aeration,  by  which  the  atmospheric  air 
Is  l)eaten  into  the  pulp,  to  cause  the  attachment  of  bubbles  of 
air  to  mineral  particles.  The  M.S.  machine  was  originally  designed 
for  this  purpose,  and  later  on  the  Owen  patent  and  Lystei*  patent 
showed  other  means  by  which  it  could  be  carried  out  more 
effectively  and  more  completely.  The  agitation  should  be  carried 
out  in  the  treatment  vessel  so  that  the  mineral  caii  rise  to  the 
surface  of  the  vessel  and  be  removed  without  having  to  travel 
a  greater  distance  than  is  absolutely  necessary,  or,  in  other  words, 
to  avoid  overtaxing  the  ability  of  the  bubble  to  retain  its  hold 
on  the  mineral  particle  for  leading  it  out  of  the  flotation  bath. 

The  author  is,  however,  strongly  in  favour  of  providing  some  kind 
of  machine  at  the  head  of  the  treatment  ;  for  instance,  a  vortex 
mixer  or  a  miiK-ral  separation  mixer,  or  a  larger  agitation  machine, 
Ut  provide  that  the  pulp  shall  be  thorouglily  agitated  and  partially 
a«^rat«d  l)efore  it  enters  the  treatment  vessel.  This  pre-agitation 
aeration  incorf)orates  oils,  reagents,  acids,  &c.,  and  probably 
pauses  som«'  bi-nefinia]  effect  by  oxidation  of  some  of  the  sub- 
stancf^H,  and  so  saves  the  first-treatment  v(!ssel  from  being  wasted 
on  thi.s  work.  It  might  be,  too,  that  houw.  deleterious  substancc^s 
are  formed  immediately  uj)on  application  of  tin'  arid  and  reag(^nta, 
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such  as  noxious  gases  like  HoS,  which,  in  this  preliminary  partial 
agitation/aeration,  are  either  driven  off  or  altered  to  make  them 
innoxious,  and  in  this  preliminary  agitation  machine  chemicals 
or  acid  or  perhaps  oil  may  be  added,  the  temperature  being  con- 
trolled so  that  when  the  pulp  enters  the  flotation  machine  it  is 
readv  for  separation  of  the  valuable  minerals.  It  is  even  advisable 
to  add  the  chemicals  or  oil  or  acid  to  the  pulp  before  it  enters  the 
preliminary  agitation  machine. 

With  some  simple  ores  very  little  agitation  is  required  before 
the  pulp  passes  to  the  flotation  machine,  and,  in  such  cases,  if 
the  pulp  is  lifted  by  bucket  elevators  direct  to  the  flotation 
machine,  sufficient  agitation  will  be  provided  by  the  elevators 
for  successful  separation.  In  that  case  the  chemicals  and  other 
reagents  may  be  added,  perhaps,  at  the  boot  of  the  elevator. 
The  bucket  elevator  may  be  looked  upon  as  a  first-class  agitator, 
although  tlio  period  of  agitation  provided  by  it  is  very  short. 

If  rhe  pulp  requires  much  acid  or  heat  added  to  it,  it  is  advisable 
to  have  the  agitation  vessel  at  the  head  of  the  flotation  machine 
besides  the  elevator,  because  in  such  cases  the  elevator  belt  would 
sufEor  severely  if  it  handled  hot  or  acid  liquors. 

Agitation  is  always  beneficial  to  flotation,  and  in  most  cases  it 
is  absolutely  necessary.  It  has  a  cleaning  effect  on  the  particles, 
and,  if  oil  is  used,  causes  a  greater  emulsification  and  distribution 
of  the  oil.  To  ensure  a  more  complete  flotation  of  the  particl«^s, 
it  breaks  up  the  bubbles  of  air  and  distributes  them  in  a  very  fiee 
state  of  division  throughout  the  pulp  in  such  a  manner  as  to  give 
every  particle  of  mineral  a  chance  to  become  attached  to  »ir 
bubbles. 

A  P:  RATION. 

Aeration  meatLs  the  introduction  of  air  into  the  pulp  in  a  finely- 
divided  conflition  so  as  to  form  a  froth,  in  order  that  the  particles 
of  mineral  may  become  attached  to  finelv-divided  air  bubbles, 
by  moaiLH  of  which  they  an;  floated  up  to  th«^  surfare  of  the 
flotation  })ath  an<l  removed  across  the  ]M'riphery  a.s  a  separate 
conccntrttt*\     Air  for  aeration  was  originiillx'  introtlu<ed  ifito  tlie 
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mineral  so]>aratiuii  niaohiue  l)v  being  sucked  down  to  the  impeller 
from  the  surface  through  the  vortex  and  disturbance  caused  by 
the  agitation.  The  quantity  of  air  so  converted  into  froth  was 
always  in(U'iinite  and  not  under  control,  and  for  this  reason 
flotation  results  were  very  cliangeal)l('.  Ft  was  necessary  to 
have  the  agitation/ aeration  zone  in  another  vessel  separated  from 
the  flotation  bath,  because  the  latter  required  a  quiescent  surface, 
which  could  not  be  provided  by  the  formei-.  Tliis  was  a  very 
severe  liandicap.  as  it  required  the  bubble  to  travel  a  very  great 
distance  before  it  could  be  rescued  at  the  surface  ;  consequently, 
only  the  most  powerful  methods  of  flotation  could  be  used  with 
it,  such  a'^  would  develop  combined  flotatioi^  and  not  permit  of 
•ny  S4*lective  action. 

It  was  found  by  Owen  that  if  agitation/ aeration  were  carried 
out  in  the  flotation  bath  itself  the  bubble  w^ould  have  a  very  much 
shorter  travel,  and  nuich  more  delicate  flotation  work  could  be 
carried  out.  The  effect  of  this  was  to  permit  of  selective  flotation 
on  one  mineral  in  preference  to  another.  By  means  of  the  Owen 
process,  air  was  either  sucked  in  by  impellers  or  pumps,  or  was 
introduced  as  compressed  air  and  delivered  to  the  impeller  in 
such  a  manner  that  it  could  be  most  effectively  beaten  up  into 
a  foam. 

Lat43r  on,  at  the  Junction  North  mine,  it  was  found  that  definite 
control  could  be  obtained  to  govern  the  quantity  of  aeration 
intHMluced  into  any  pulp,  and  measurements  could  be  obtained 
of  the,  amount  of  aeration  l)v  means  of  a  steelyard  or  an  ordinary 
water-gauge  tul)e,  graduated  and  plac-ed  outside  the  flotation 
xessi]  and  connected  with  it.  Tt  was  afterwards  found,  by  means 
of  the  Cascade  process,  that  aeration  could  be  adequately  obtained 
by  means  of  entanglement  with  pulj)  as  it  fell  down  open  pipes. 

It  is  essential  that  thf  air  should  be  conq)letely  atomized  in 
the  pulp  and  not  allowed  to  be  distributed  tlirongh  the  pulp  in 
the  frirm  f»f  comparatively  large  bubbles.  This  must  be  care- 
fully watched  when  aeration  by  compressed  air  is  ado{)ted.  If 
the  supply  of  compressed  air  Ls  too  great  through  any  one  delivery 
pipe,  then  the  air  Ls  distributed  tliroughout  the  pulp  in  the  form 
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of  large  bubbles,  which  are  unsuitable  for  tlotation.  Tho.^e  large 
bubbles  float  rapidly  to  the  surface  and  disturb  the  (quiescent 
zone,  so  that  some  of  the  float  already  there  Ls  caused  to  sink  again 
and  some  of  the  gangue  is  caused  to  overflow  the  periphery  and 
spoil  the  concentrate.  Compressed  air  must  be  added  in  such 
a  way  that  it  enters  the  pulp  in  the  maximum  zone  of  agitation 
of  the  inij>ellers.  The  force  of  agitation  at  that  point  will  deter- 
mine the  amount  of  air  which  may  be  effectively  taken  from  tlu; 
supply  pipe.  If  it  is  desired  to  atomize  a  still  greater  quantity 
of  air  than  can  be  dealt  with  from  one  supply  pipe,  it  is  possible 
to  gain  such  an  increase  in  any  particular  flotation  machine  by 
increasing  the  number  of  air-supply  pipes  around  the  impellers 
or  by  increasing  the  speed  of  the   impellers. 

In  the  Cascade  process  the  air  is  drawn  in  and  entangled  by  the 
pulp  as  it  drops  down  the  vertical  pipe  and  becomes  atomized  by 
the  splashing  of  the  pulp  in  the  impact,  which  occurs  when  the 
pulp  hits  the  surfaces  of  the  licpior  and  metallic  parts  of  the 
flotation  machin(^  It  k  generally  advisable  in  the  Cascade 
process  to  have  a  cup  placed  below  the  bottom  of  the  vertical 
pipe   to   intejisify   the   impact. 


DISCUSSION. 

Mil  K.  T.  Hknuerson  said,  as  regards  soluble  salts,  it  was 
found  on  the  Broken  Hill  Proprietary  plants  that  they  could 
keep  them  as  high  as  7(KM)  to  80(X)  gr.  per  gal.  without  any  detri- 
mental effect  to  the  results.  He  coiLsidered  that  the  organic 
matter  was  a  more  serioiLs  [)ropositioii.  If  HoS  were  passed 
through  the  solutions,  a  precii)itate  not  unlike  CdS  was  ol)tained 
if  organic  matter  weie  present.  With  this  filtered  off,  and  the 
solution  used  for  flotation,  excellent  results  were  secured.  The 
acidity  of  the  solutions  was  1  %.  He  was  against  the  use  of 
compres.sed  air  in  any  form,  as  he  was  of  the  opinion  that  if  the 
air  we,re  sucked  in  it  was  broken  up  much  better. 
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Mr.  Ralph  D.  Nevett.  in  reply,  said  care  had  to  be  taken  in 
reniovinir  oriranic  matter  bv  H.,S,  as  it  would  be  found  that  there 
was  a  great  tendency  to  precipitate  salts  of  manganese  and  zinc. 
As  regards  compressed  air,  they  found  in  the  Junction  North 
plant  that  more  slime  could  be  treated  by  this  means  than  by 
anv  other.  They  also  found  that  each  horizontal  machine,  when 
allowed  to  work  on  the  quantity  of  air  that  tlio  impellers  v.ould 
suck  in,  would  only  treat  about  two  tons  per  hour,  but.  when 
supplied  with  compressed  air  up  to  the  maximum  amount,  that 
the  impellers  would  atomize,  each  machine  would  treat  H  tons 
per  hour. 

Mr.  W.  B.  Chomley  said  lie  would  like  to  make  some  remarks 
in  reference  to  Mr.  Nevett's  interesting  paper,  and  it  must  be 
understood  that  such  comments  were  made  chiefly  in  the  light 
of  his  experience  with  the  Zinc  Corporation.  Taking  some  of  the 
points  in  the  order  in  which  they  occurred,  the  first  that  called 
his  attention  was  the  statement  that  the  natural  slime  was  the 
ideal  one  for  flotation.  That  was  distinctly  in  contradiction  to 
his  experience  on  the  current-ore -slime  plant  at  the  South  Blocks. 
Naturally,  slime  usually  contained  a  large  proportion  of  colloids 
and  ore  in  a  very  fine  state  of  division,  which  appeared  to  form 
a  stiff  froth,  which  floated  over  and  lowered  the  grade.  Prior  to 
the  erection  of  mechanical  thickeners  there  the  slimo  was  im- 
perfectly settled  in  a  series  of  cones,  which  left  a  cloudy  overflow. 
This  was  run  to  an  accumulation  dam.  It  was  a  significant  fact 
that  since  the  installation  of  the  thickeners,  and  the  cousccpient 
retention  of  that  ])art  of  the  slime  in  the  feed,  the  nvsults  had  not 
l)ccn  so  good  as  heretofore.  Tn  regard  to  the  (pu'stion  of  the 
jjize-liniit  f)f  ore  particles,  without  committing  himseil  to  any 
arbitrary  figure,  he  noticed  that  larg<'  lead  ])article-;  gmeially 
were  carried  down  to  the  zinc  box.  ani'  lliat  tlic  zinc  lost  in  the 
residue  was  the  r-oarsest.  It  sciMiicil  to  1m-  gcn«Mally  acc(;pted 
that  the  flotability  of  a  mineral  particl<\  otlier  things  l)eing  ecpial, 
depended  upon  the  ratio  of  it«  surface-area  to  its  weight,  and 
from  that  it  may  be  inferred  that  the  conditions  whic^h  were 
suitable  to  float  a  small  inccc  of  an  active  ruineial,  such  as  galena, 
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would  not  lift  larger  grains  of  the  same  mineral ;  and  when  con- 
ditions were  intensified  enough  to  accomplish  tha^,  the  lighter 
particles  of  a  less  active  mineral,  such  as  zinc-blende,  would 
commence  to  float.  Regularity  of  feed  seemed  to  he  one  of  the 
most  important  points  in  connection  with  preferential  flotation, 
although  when  dealing  with  a  mixed  float  irregularity  of  feed 
flow  had  not  the  same  chance  of  doing  harm.  On  the  Zinc 
Corporation  re-treatment  plant,  where  a  mixed  float  of  lead  and 
zinc  was  taken  off  for  subsequent  separation  by  gravity  concentra- 
tion, the  hourly  tonnage  might  be  varied  over  a  wide  range 
without  causing  any  deleterious  effects.  But  on  the  South 
Blocks,  where  the  current  slime  was  treated  by  a  preferential 
process,  the  case  was  different.  Any  sudden  alteration  in  the 
feed-flow  there  had  the  effect  of  changing  the  lead-zinc  demarca- 
tion point,  and  unless  measures  were  immediately  taken  to  meet 
the  altered  conditions,  considerable  mixing  of  the  products  took 
place.  He  could  not  endorse  the  author's  recommendation  for 
the  use  of  a  thickener  for  a  storage  tank  for  slime.  Having  had 
some  experience  in  running  a  cyanide  decantation  plant,  he  had 
grave  doubts  as  to  the  possibility  of  obtaining  a  regular  stream 
of  pulp  from  the  underflow  of  a  Dorr  type  of  thickener,  either 
as  regards  volume  or  density.  An  agitator  made  an  efiicient 
bufter  to  equalize  irregularities  of  flow  and  density,  and  consumed 
very  little  power.  Sudden  alterations  in  the  density  were  fatal 
there,  as  the  boxes  on  the  South  Blocks  were  of  the  gravity-level 
type,  and  any  change  upset  the  balance  and  caused  some  cells 
to  flow  over  and  others  to  drop  too  low.  He  knew  that  many 
devices  had  been  made  to  overcome  that  difficulty,  such  as,  for 
instance,  a  sliding  lip,  but  he  had  yet  to  see  one  that  had  stood 
the  test  of  continuous  working  conditions.  As  regards  the 
addition  of  reagents,  the  author  recommended  that  they  should 
be  added  as  far  back  in  the  process  as  practicable,  preferably  to 
the  tube  mills.  Would  he  apply  that  practice  to  a  plant  where 
perhaps  only  one-fifth  of  the  ore,  or  less,  went  to  the  flotation 
plant  ?  H,  on  the  other  hand,  some  special  appliance,  sudi  as 
a  vortex  mixer,  was  used  as  an  enudsitier,  the  power  consmned 
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wat?  «-oiupariil)lo  to  that  required  to  run  a  .siuall  llotatioii  unit  ; 
so  wliv  not  make  some  use  of  it  as  a  concentrator  ?  In  other 
wor(i<,  whv  not  add  the  oil  to  the  feed  launder,  even  if  it  did 
lower  the  efficiency  of  the  first  unit  (  I'lie  author's  remarks  in 
reference  to  the  efltect  of  different  feed  waters,  and  the  difficulty 
of  locating  the  deternnning  factors,  coincided  with  the  experience 
on  the  South  Blocks  plant.  Possibly  the  presence  of  the  various 
salt«  was  only  incidental,  and  merely  masked  the  presence  of 
some  agent  or  cpiality  which  was  not  capable  of  being  detected 
bv  an  ordinary  analysis.  Api^arently  that  was  one  of  the  many 
thinirs  in  connection  with  flotation  which  must  be  taken  for 
granted.  In  the  absence  of  any  accurate  knowledge  as  to  the 
underlying  principles  of  this  art,  it  must  remain  something  like 
the  st^te  in  which  the  study  of  astronomy  was  prior  to  the 
disco verv  nf  the  law  of  gravitation.  Avhen  the  heavenly  bodies 
seemed  to  move  hither  and  thither  in  defiance  of  any  possible 
theor\ . 

Mr.  Nevktt.  m  reply,  said  they  did  better  work  with  slime 
than  with  any  other  material.  The  trouble  at  the  Zinc  Corpora- 
tion might  be  due  to  dirty  water  with  suspended  residues.  In 
respect  to  regularity  of  feed,  the  dump  plant  at  the  Junction 
North  mine  would  be  hopeless  unless  it  could  be  run  with  a  regular 
feed.  -Mr.  Chondey.  he  thought,  was  under  a  misapprehension 
in  regard  to  the  remarks  in  the  paper  about  using  a  Dorr  thickener 
as  a  storage.  They  at  the  Junction  North  run  their  thickener 
for  their  dump  material  plant,  with  no  overflow,  so  it  was  prac- 
tically a  large  storage  tank,  and  not  a  thickener  in  the  true  sense 
of  the  word.  With  regard  to  reagents,  in  the  Junction  North 
plants  the  tulx*  mills  were  only  used  to  crush  the  feed  to  the 
flotation  plant,  and,  therefore,  did  not  do  the  work  of  most  tube 
milLi,  such  as  grinding  feed  to  Wilfley  tabh\s,  from  which  after- 
wards the  tailings  went  to  the<  flotation  plant.  As  regards  the 
addition  of  oil  far  back  in  the  plant,  he  would  point  out  that  if 
it  wen*  added  close  to  the  flotation  machine  there  was  a  tendency 
of  getting  free  oil  mU)  the  machine.  In  some  cases  they  had 
added  it  an  far  back  as  the  return  circuit  liquor  pump.     By  thus 
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adding  the  oil  a  long  way  back,  the  air  had  a  hcttcM-  chanco  of 
getting  to  it,  and  the  results  were  better.  The  vortex  mixer 
referred  to  broke  up  the  lumps  of  dump  slime  before  going  to  the 
storage  thickener.  He  did  not  recommend  the  practice  for  current 
slimes.  Witli  regard  to  circuit  liquor,  as  mentioned  in  the  paper, 
they  corrected  tlie  circuit  water  by  the  addition  of  elemental 
sulphur. 

Mr.  T.  Re.vd  mentioned  that  he  would  likc^  to  ask  ]\li-.  Nevett 
whether  he  had  any  figures  in  regard  to  how  much  air  per  ton  he 
used,  especially  as  a  comparison  between  the  Cascade  plant  and 
plants  using  mechanical  mixers.  They  had  experimented  on  the 
South  mine  on  the  subject  of  compressed  aii.  and  found  that  as 
long  as  it  was  properly  atomized  a  good  float  was  obtained,  but 
they  found  it  necessary  to  })ut  in  a  trap  to  collect  anv  mineral 
oil.  They  had  no  difficulty  with  the  iLse  of  a  blower  on  i)Oth  lead 
and  zinc  flotation.  Their  class  of  machine  took  about  '2()0()  cub. 
ft.  of  air  per  ton  treated.  AVitli  regard  to  circuit  water,  they 
(on  the  South  mine)  ran  on  a  neutral  ciicuit,  and  found  no 
difficulty  with  the  salts  up  to  from  450  gr.  to  ()<H)  gr.  per  gal.  The 
salts  in  solution  consisted  of  70%  raS04  ^'^^^  *''^^<-  ehloride,  with 
but  2  gr.  of  iron  per  gal.  In  respect  to  slime.  i)7  '\,  of  the  South 
min(^  slime  would  go  through  a  200-mesh  scjeen,  and  they  had 
no  difficulty  so  long  as  the  crude  oie  was  ])ush(Ml  straight  through 
the  mill,  otherwise  the  galena  became  coated,  due  to  formation  of 
colloids  in  the  gangue  material.  Reirardini;  thickenei"s,  he  was 
of  the  same  opinion  as  ^Ir.  Chomley  in  the  matter  of  the  use  of 
a  Dorr  thickener  as  an  equaliz(»r.  l^sually  in  a  Dorr  thickener 
there  was  only  a  bed  of  about  8  in.  of  pulj)  slime,  so  it  was  not  an 
equalizei'.  A  nest  of  them  would  l>e  recjuired  for  such  a  case. 
However,  he  n(>ted  from  .Mr.  Nevett's  reply  to  Mr.  Chomley  that 
he  had  no  overflow  on  it,  hence  it  was  not  a  true  Dorr  thickener, 
but  an  agitator.  At  the  South  mine  they  were  not  troubled  with 
variations  in  volume  of  th(^  feed  due  to  tht^  tvpe  of  machine  used. 
Each  vessel  of  the  unit  was  automaticallv  controlled  by  a  float. 
Tlieii-  ex]->erience  at  the  South   mine  in  regard  to  densitv  «>f  |>ulp 
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was  similar  to  that  of  Mr.  Nevett's.  They  got  the  best  results 
with  a  pulp  containing  about  45  %  solids.  At  50  %  atomization 
is  incomplete. 

Mr.  Nevett  said  he  had  no  definite  figures  in  reference  to  the 
amount  of  air  used  per  ton  either  in  the  cascade  or  mechaiiical 
mixing  plants. 

^Ir.  Andrew  Fair-weather  asked  Mr.  Nevett  whetlicr  he 
thought  the  change  of  level  in  the  boxes  caused  bad  work. 

Mr.  Nevett  replied  in  the  affirmative,  and  said  if  a  regular  feed 
were  not  obtained,  control  (except  automatic  control)  could  not 
be  secured.     Automatic  control  was  all  right  for  slight  variations. 

Mr.  A.  W.  Wincey  congratulated  Mr.  Nevett  on  his  excellent 
paper,  and  thought  he  had  touched  on  all  the  essential  points. 
Flotation  was  an  intricate  means  of  concentration,  as  the  con- 
ditions varied  for  each  class  of  ore.  His  (Mr.  Wincey's)  opinion 
was  that  crushing  was  the  most  essential  feature.  The  size  of  the 
particles  depended  upon  the  condition  of  the  crude  ore,  wliether 
fine-grained  or  not.  His  experience  was  that  the  best  results 
were  obtained  on  slime.  Mr.  Ch(>mley's  difficulty  with  slime 
was  probably  due  to  dirty  circuit  water.  Regularity  of  feed  was 
most  imperative,  for  if  the  feed  were  light  zinc  came  up  with  the 
lead,  and  if  too  heavy  a  good  deal  of  the  lead  would  find  its  way 
to  the  zinc  plant.  With  reference  to  salts  in  solution,  on  the 
Central  mine  some  years  ago,  when  the  original  mineral  separation 
boxes  were  installed  and  HgSO^  and  oleic  acid  were  used,  it  was 
essential  to  keep  the  salts  about  :J500  gr.  per  gal.  They  used  a 
hydrometer  for  that  purpose,  and  the  spitzman  could  tell  from  a 
scale  the  condition  of  the  liquor.  They  lost  the  separation  if 
the  salts  got  above  3500  gr.  unless  they  were  running  on  an  acid 
circuit.  With  regard  to  the  size  of  particles,  he  would  like  to 
ask  Mr.  Nevett  whether  he  found  that  large  particles  were 
detrimental. 

.Mr.  Nkvett  did  not  intend  to  infer  that  the  order  in  which  ho 
had   mentioned  the  controlling  factors   was  that  of   importance, 
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but  considered  that  they  were  all  necessary.  As  regards  large 
particles,  he  was  convinced  that  they  were  detrimental,  as  they 
prevented  the  attachment  of  air  bubbles  to  the  metals. 

Mr.  G.  E.  Gabriel  said  the  author  stated  that  when  oil  was 
not  thoroughly  emulsified  it  was  distinctly  detrimental  to  flotation. 
M'Graw  stated  that  "  a  pulp-oil-acid  combination  is  not  an 
emulsion  in  the  true  sense  of  the  word,  as  a  true  emulsion  is  a 
colloidal  condition  and  also  a  deflocculent  condition.  The 
function  of  H2SO4  has  not  been  satisfactorily  explained,  but  we 
know  that  it  is  a  flocculating  agent,  and  therefore  it  prevents 
emulsification." 

Mr.  Xevett,  in  reply,  said  what  he  meant  was  that  the  oil 
must  not  exist  as  a  free  oil.  M'Graw,  in  his  book,  "  The  Flotation 
Process,"    stated: — "(1)  Sidphuric  acid    prevents  emulsification ; 

(2)  ferrous  sulphate  has  no  action  to  prevent  or  help  emulsification  ; 

(3)  sodium  chloride  stabilizes  and  increases  emulsification." 
Whether  he  was  right  it  was  hard  to  say.  As  ferrous  sulphate  had 
no  action,  it  was  reasonable  to  expect  that  zinc  and  Mn  sulphates 
behaved  in  the  same  manner.  Those  three  salts,  with  sodium 
chloride,  made  up  the  bulk  of  the  salts  in  solution,  consequently 
the  water  would  be  a  good  one  to  stabilize  and  increase  emulsifica- 
tion. Using  that  water  in  a  test  with  a  few  drops  of  eucalyptus, 
and  agitating  the  water  and  oil  for  some  time,  then  allowing  it 
to  stand  for  a  few  hours,  the  oil  would  not  separate  from  the 
water.  That  meant  an  emulsion  of  oil  and  water  had  been 
foimed.  This  liquor  made  a  very  good  flotation  medium,  and 
would  give  a  good  float  of  sulphides  without  the  addition  of  acid. 
Lunge,  on  page  (HJ.'i  of  his  book,  "  Coal-tar  and  Ammonia,"  Part  2; 
mentioned  that  emulsions  of  tar  oils  could  be  produced  bv 
H.jSO.i,  which  seemed  to  disprove  M'Graw's  argument. 

Mr.  H.  V.  »Seale  wished  to  ask  Mr.  Henderson  what  was  the 
host  quantity  of  salts  in  solution  for  (1)  lead  and  (2)  zinc. 

Mr.  Henderson  said  he  found  the  higher  the  salts  the  better 
results  obtained  in  both  cases.  He  did  not  believe  that  there 
was  anything  in  the   theory  that  salts  wore  detrimental. 
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Mr.  Nevett  asked  Mr.  Henderson  what  water  was  used  at  the 
Proprietary  to  make  up  for  the  deficiency  in  circuit  water. 

Mk.  Henderson  said  that  no  fresh  w^ater  was  used,  but  mill 
wat€r,   which  came  from  underground. 

Mr.  Wincey  said  it  seemed  to  him  that  the  reason  for  the 
Junction  North  and  the  Proprietary  using  solutions  low  and  high 
in  salts  respectiyely  was  due  to  the  Proprietary  using  the  SO  2 
process.  They  found  by  experience  on  Block  10  that  if  the  salts 
got  high  and  they  did  not  use  SO  2  they  could  not  get  a  high-grade 
lead  concentrate. 

Mr.  Xevett,  in  reply,  said  when  the  tests  mentioned  in  the  paper 
were  made  they  were  using  the  hypo,  process,  which  formed  SO 2 
in  the  pulp. 

Mr.  Wincey  said  that  would  have  the  same  effect  as  the  SO 2 
supplied  from  burning  sulphur  in  the  Bradford  SO 2  process. 

Mr.  Henderson  :  No,  not  quite. 
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Discussion. 


Mr.  John  S.  Fox  all  wrote: — Mr.  Clayton  in  his  paper  on  the 
above  subject  (Proceedings,  N.S.  No.  34)  made  an  assertion  which 
should  not  be  allowed  to  remain  unchallenged.  On  the  top  of  page 
10  appears  the  following  statement. —  "By  viewing  tlie  box  at  a 
depression  angle  of  45°,  all  the  dimensions  are  disclosed  and  the  box 
may  be  projected  on  isometric  co-ordinates  "'  and  lower  down  on 
the  same  page  : —  "  An  isometric  plan,  being  virtually  a  projection 
on  a  plane  inclined  at  45°,  the  nearer  the  dip  approaches  this  figure 
so  is  the  outline  of  the  stoping  more  truly  shown."  Those  state- 
ments embody  an  inaccuracy  which  would  be  misleading  were 
an  isometric  plan  to  be  constructed  to  suit  a  special  case,  i.e.  the 
case  of  a  mine  whose  lode  dipped  at  45^,  or  approximately  45'' 
and  it  would  be  found  that  in  such  a  plan  the  outline  of  the 
stoping  would  not  be  truly  shown.  The  reason  for  this  is  that 
the  depression   angle  at   which  an  object  is  viewed  in  order  to 
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get  an  Isometric  projection  is  not  45°,  but  35°  IG',  which  will  ho 
proved,  and  consequently  the  plane  on  which  an  isometric  plan 
is  a  projection,  Ix'ing  at  right-angles  to  the  depression  angle  is 
inclined  at  an  angle  of  54°  44'  to  the  horizontal.  The  simplest 
form  of  an   isometric  projection  is  that  of  a  perfect  cube.     Let 

Thin    paprr    in    Kparat«>ly  bound,    and    may    be,    if    so    ile^ircil,    dclached    complete    from 
this  number.] 
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the  Square  A.B.C.D.  (Fig.  1)  represent  the  plan  of  a  cube,  Fig. 
2  the  isometric  projection  of  the  same,  and  Fig  3  a  vertical 
section  though  A.C.  Looking  at  Fig  2,  it  is  obvious  tliat  the 
line  of  sight,  which  makes  with  the  horizontal  plane  the  de- 
pression angle  at  which  the  object  is  viewed,  passes  though  two 
points  which  coincide  on  this  figure  at  C.  The  second  point  is  at 
a  distance  below  A  in  Fig.  1  equal  to  an  edge  of  the  cube,  and 
may  be  seen  in  Fig.  3  as  the  point  K,  so  that  in  Fig.  3  the 
line  of  sight  passes  through  C.  and  E.,  and  as  the  line  A.C. 
represents  the  horizontal  plane,  the  angle  of  depression  is  seen 
as  the  angle  A.C.E.  Now,  A.C.  being  the  diagonal  of  the  square, 
A.B.C.D.    =    A.E.  X    n/o   as  A.E.    =   the    side    of    the    square, 

therefore   the   tangent   of   A.C.E.   =  ^'    =-,=   .7071.     This 

gives  a  value  of  35°  16'  for  the  angle  A.C.E. 
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THE  REroVERY  OF  ZINC  FROM  LEAD  BLAST-FURNACE 

SLAGS. 

By  Guy  Courtney. 

As  the  question  of  zinc  recovery  from  lead  blast-furnace  slags 
has  lately  become  such  an  important  subject  with  lead  metal- 
lurgists, the  following  description  of  some  of  the  work  carried 
out  in  this  connection  by  the  Sulphide  Corporation,  at  Cockle 
Creek,  should  prove  of  interest  to  those  concerned. 

Early  in  the  life  of  the  works  it  was  realised  bv  the  metal- 
lurgical staff  that  a  very  wide  field  for  investigation  lav  before 
them.  At  the  head  of  these  was  the  late  Mr.  F.  H.  Evans,  and 
it  was  due  to  his  work  and  suggestions  that  the  question  has 
grown  from  a  mere  hypothesis  to  a  comnu^rcial  undertaking,  in 
80  far  as  these  works  are  concerned. 

A  great  deal  of  the  early  work  was  carried  out  in  tlu*  form 
of  small  lal)oratory  experiments,  those  giving  the  best  results 
being  ear-marked  for  subsequent   trial   on   a  larger  scale. 

One  of  the  main  obstacles  in  the  way  of  research  was  the  lack 
of    any    data    or   information   of   similar   work  done   in    other 

[ThiH    papfr    im    •rpkralely  (K>und.    aixl    may    br,    if    to    d*«ired,    detached    oomplet*    from 
ikki*  num^>er.  ]  a 
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countries,  but  in  spite  of  tliis  and  the  fact  that  the  staf!  had 
their  liands  full,  with  more  important  work,  a  certain  amount 
of  progress  was  made.  Thus  was  the  foundation  laid  for  the 
larger  experiments  carried  out  during  the  last  four  or  five  years. 

In  11X)8  a  patent  was  filed  by  the  late  F.  H.  Evans  in  con- 
junction with  P.  A.  M'Kay,  which  had  for  its  object  the 
expulsion  of  zinc  from  lead  blast-furnace  slags,  the  operation 
being  carried  out  either  in  a  blast  furnace  or  reverberatory 
furnace  supplied  with  tuyeres.  A  converter  is  also  proposed, 
the  reduction  of  the  zinc  being  accomplished  by  blowing  in 
carbonaceous  material  in  a  finely  divided  condition,  or  carburetted 
gas  through  the  molten  slag. 

One  of  the  earliest  attempts  made  at  Cockle  Creek  to  drive 
the  zinc  from  the  slag  was  some  fourteen  years  ago.  Compressed 
air  was  blown  in  under  the  surface  of  some  molten  slag.  The 
resultant  ebullition  drove  of?  large  volumes  of  fume,  but,  owing 
to  the  chilling  effect  of  the  cold  air,  the  test  could  only  be 
maintained  for  a  few  minutes.  A  httle  later  this  method  was 
again  tried,  but  with  certain  modifications.  An  iron  pipe  was 
procured  and  lined  with  firebrick,  leaving  an  opening  15  in.  in 
diam.  and  i  ft.  deep.  Four  inches  from  the  bottom  three  tuyeres 
were  fitted,  equally  spaced  round  the  circumference.  Attached 
to  the  tuyeres  were  three  reservoirs  for  powdered  coal.  In  start- 
ing, the  air  and  coal  dust  were  turned  on  and  hot  slag  poured 
in  to  a  depth  of  about  12  in.  above  the  tuyeres.  The  agitation, 
brought  about  through  the  blast  of  air  and  the  combustion  of 
the  coal,  drove  off  dense  volumes  of  fume.  This  continued 
without  abat  *ment  for  about  45  minutes,  which  was  as  long  as 
tlie  supply  of  fuel  lasted.  Without  proper  means  of  handling 
the  powdered  coal,  it  became  a  difficult  matter  to  insure  a  con- 
stant stream  being  blown  in  with  the  air,  as  at  this  period  little 
was  known  of  tlic  methods  and  appliances  now  in  use  for  the 
handling  of  powdered  fuel.  Th(;  zinc  driven  off  was  only  about 
1%,  but  a  marked  increasf  in  the,  temperature  of  the  slag  was 
obeerved  This  would  no  doubt  have  reached  the  1600°C,  which 
was  afterwards  found  to  be  so  important  a  figure  in  all  the  tests. 
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When  this  experiment  was  repeated  the  same  results  were 
observed.  These  tests  anticipated  the  patent  subsequently  taken 
out,  and  in  a  great  measure  the  new  methods  now  being  em- 
ployed in  one  or  two  American  and  Japanese  works,  whereby 
powdered  fuel  Ls  fed  to  the  copper  blast  furnaces  through  the 
tuveres. 

The  Reverberatory   Furnace. 

At  a  later  period  information  was  obtained  from  Europe,  which 
led  to  the  belief  that  the  problem  had  been  successfully  solved. 
Two  processes  were  in  operation  ;  one  using  briquettes  in  a  blast 
furnace,  the  other  utilising  the  hot  slag  as  it  ^Yas  tapped  from  a 
lead  blast  furnace  into  a  reverberatory  furnace.  In  the  latter 
operations  two  reverberatory  furnaces  were  used,  one  of  20  tons 
and  the  other  of  5  tons  capacity.  Into  the  former  the  slag  was 
tapped  from  the  blast  furnace,  and  given  a  good  strong  firing. 
At  intervals  of  2i  hours  the  tap  hole  was  opened  and  enough 
slag  allowed  to  run  to  fill  the  smaller  or  5  ton  reverberatory. 
At  this  stage  a  certain  amount  of  limestone  and  coke  was  added, 
and  strongly  fired  for  another  2 J  hours.  At  the  end  of  this 
period  the  zinc  should  have  been  expelled  from  the  slag. 

An  experiment  at  Cockle  Creek  on  the  reverberatory  method 
differed  from  the  European  tests  in  that  only  one  furnace  was 
used  and  the  slag  was  introduced  cold  instead  of  hot.  Charges 
of  10  tons  were  treated  in  this  way,  and  a  fair  (piantity  of  fume 
was  expelled.  One  of  the  conditions  necessary  for  the  success 
of  the  operation,  was  that  the  temperature  should  be  not  less 
than  1()00°C.  A  fair  amount  of  fume  came  away  while  the  slag 
was  melting.  A  peri(jd  of  (piiescence  then  intervened,  when  the 
fume  came  off  aj^ain  in  large  volumes,  on  the  temperature  rising 
to  1(3(K)  ('.  Agitation  of  the  charge  helped  considerably,  but  this 
agitation  had  to  be  continuous  to  be  effectual.  From  assays  taken 
it  was  found  that  from  35%  to  40%  of  the  zinc  was  expelled. 

The  cost  of  working  this  method  was  however  found  prohibi- 
tive. A  large  amount  of  labor  was  necessary,  and  the  (juantity 
of  fuel  consuincd  in  maintaining  so  high  a  temperature  placed  it 
beyond  the  possibility  of  being  a  commercial  success. 

A   2 
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Thk  Electric  Furnace. 

Haviiiii  met  with  oiilv  a  small  measure  of  success,  attention 
was  next  turned  to  the  advantages  offered  by  the  electric  furnace. 
A  XA)  kw.  motor  generator  set,  capable  of  giving  7000  amp.  at 
50  volts,  had  been  installed  for  treating  zinc  ores  electrothermi- 
callv.  A  small  furnace  was  built  of  circular  section,  lined  with 
9  in.  of  English  firebrick  and  holding  about  500  lb.  of  slag. 
The  top  was  left  open  so  that  the  progress  of  fusion  could  be 
followed  from  beginning  to  end. 

Earlv  during  the  test  it  was  noticed  that  the  action  of  the 
slat;  on  the  lining  was  verv  drastic,  and  at  the  end  of  six  hours 
nothing  remained  of  the  furnace  but  the  outer  iron  shell. 

As  this  was  more  of  a  preliminarv  experiment  than  an  actual 
test,  no  figures  were  taken  of  power  consumption  or  zinc  ex- 
traction, though  it  was  observed  that  dense  volumes  of  fume 
were    evolved. 

Numerous  other  linings  were  tried  including  chrome  and 
magnesite.  but  the  experience  gained  was  identical  in  each  case, 
no  refractory  mateiial  could  stand  the  intense  heat  and  tlie 
action  of  the  slag.  Finally  recourse  was  had  to  a  water- jacketed 
furnace.  A  tank  was  therefore  constructed,  of  trough  form, 
14  ft.  long  and  2  ft.  wide,  having  a  two-course  brick  lining,  the 
idea  being  to  have  a  furnace  in  which  the  molten  slag  would  be 
kept  in  a  state  of  flow,  thereby  endeavouring  to  establish  a 
continuous    operation. 

Four  electrodes  were  introduced  at  cipial  intervals  through  the 
roof,  the  carbon  tamping  in  the  hearth  making  the  negative 
fiide.  Cold  slag  was  fed  at  one  end,  and,  on  fusing,  travelled 
to  the  other  end  of  the  trough,  having  to  pass  three  intensely 
hot  zones  on  its  way  to  the  tap  hole.  Continuous  charging 
and  tapping  were  maintained  with  excellent  results,  a  large 
tonnage  l>eing  treated  with  an  extraction  of  ^)0%  of  the  zinc 
in  the  slag. 

When  the  furnace  was  dismantled  it  was  found  that  in 
the     space     formed,    due     to     expansion,     between     the     inner 
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and  outer  lining  of  bricks,  about  half-a-pound  of  luotallic 
zinc  had  condensed.  This  led  to  the  conclusion  that,  under 
suitable  conditions,  it  should  be  possible  to  condense  the 
fume  by  the  same  operation,  and  thus  save  the  additional 
cost  of  retorting. 

In  order  to  collect  the  fume  a  new  furnace  was  built, 
consisting  of  two  concentric  rings  of  boiler  plate  having  a 
3-in.  water  space  between.  A  set  of  flues,  connecting  to  a 
fan  and  bag  house,  was  erected  and  10  tons  of  oxide  collected. 
In  appearance  the  oxide  was  somewhat  grey,  though  occa- 
sionally there  would  be  periods  when  the  product  from  the 
bags  would  be  nearly  white.  The  carbon  contents  explains 
the  difference  in  the  colour,  but  no  reason  can  be  assigned 
as  to  why  it  should  be  more  prevalent  at  some  periods 
than  at  others.  The  oxide  produced  by  tlie  above  method, 
it  was  observed,  was  of  greater  density  than  that  recovered 
by  the  blast-furnace  process  of  extraction  mentioned  later ; 
it  would  be  reasonable,  however,  to  expect  a  good  deal  more 
occluded  air  in  blast-furnace  oxide  than  in  that  produced 
electrothermically. 

The  following  is  an  analysis  of  the  electric-furnace  oxide  :  — 

o/ 
/o 

15,12 

r).oo 

G2.8 
.7 
2.21 
4.07 
.0:3 
tr. 
tr. 

Ill  all  cases  a  resistancf^  ^yp^  ^^^  furnace*  was  used,  this  giving 
the  highest  ctticiency. 

Besides  using  cold  dump  slag  several  tests  were  made  on  hot 
slag  direct  from  the  blast  furnace,  as  it  was  considered  that  by 
utili.^ing  the  heat  already  in  the  slag  a  great  saving  in  power  could 
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be  eflectod.  Tho  contrary  was,  liowever,  found  to  be  the  case, 
as  sliortor  time  is  required  to  remove  tlie  zinc  from  cold  slag, 
than  when  usinii  it  hot. 

ReduciniT  agents  and  tiuxes  were  discarded,  as  no  advantage 
could  he  found  to  result  from  their   use. 

There  is  no  doubt  that  given  cheap  power  and  a  moderate 
price  for  graphite  electrodes^  the  extraction  of  pine  from  lead 
blast-furnace  slags  of  low  zinc  contents  could  be  looked  upon  as 
a  commercial  possibility,  thovse  usually  run  and  experimented 
upon  at  the  works  containing  about   i)  %  Zn. 

The  !Slag-Eye  Furnace. 

After  a  lapse  of  some  three  years,  the  question  was  again 
brought  to  the  fore,  and  after  careful  consideration  a  small  blast 
furnace  was  constructed. 

Two  rows  of  tuyeres  were  allowed  for,  15  in.  apart,  with  the 
bottom  row  1)  in.  above  the  bottom  of  the  furnace,  the  area  at 
this  point  being  4  ft.  G  in.  x  2  ft.  3  in.  The  depth  of  shaft 
from  tap  hole  to  feed  floor  was  9  ft.  3i!i.,  while  above  the 
feed  floor  a  large  chamber  was  built  for  the  cooling  of  the 
gases  before  passing  to  the  flues  leading  to  the  bag  house. 
The  original  tuyeres,  3  in.  diam.,  were  found  to  be  too  large, 
therefore  cast-iron  thimbles  were  used  to  reduce  the  size  to 
H  in.  diam. 

Soon  after  starting  it  was  found  that  the  two  rows  of  tuyeres 
were  rather  a  disadvantage,  a  careful  balance  in  the  blast 
pressure  having  to  be  maintained,  otherwise  a  back  draught 
was  produced  in  the  top  row,  which  quickly  destroyed  the 
sleeves  on  the  bustle  pipe.  At  the  same  time  an  element 
of  risk  was  run  by  the  men  attending  the  furnace  when 
tht*y  opened  the  tuyeres,  as  a  coiLsequence  the  top  row  was 
discanh-d.  \  f^-ft.  charge  column  was  found  to  give  the 
l)est  results  wluMi  working  with  a  blast  of  8  to  10  oz.  By 
th*»s<^  means  it  was  possible  to  run  tho  furnace  with  a  hot 
top.  while  at  tlu;  same  time  a  minimum  amount  of  dust  was 
blown  into  the  Hues. 
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From  the  cooling  chamber  the  fume  was  carried  along  30  ft. 
of  brick  flue  and  180  ft.  of  40-in.  diam.  iron  pipe  to  a  Fichter 
fume-collecting  plant,  and  from  thence  to  the  bag  house.  The 
Fichter  plant,  owing  to  the  poor  condition  of  some  of  the 
elements,  on  account  of  their  having  been  idle  for  some  years, 
did  not  collect  much  fume,  but  it  answered  the  purpose  of  a 
cooler,  the  gases  being  so  hot  that  the  original  arrangement, 
whereby  the  fume  went  straight  to  the  bag  house,  did  not  allow 
sufficient  length  of  pipe  and  in  consequence  many  of  the  bags 
were  destroyed. 

The  bag  house  consisted  of  five  rows  of  12  bags,  each  18  in. 
diam.  and  17  ft.  long.  Two  qualities  were  used,  unbleached 
calico  and  grey  flannel,  tlie  latter  having  the  longer  life.  A  by- 
pass was  introduced  between  the  furnace  and  the  bag  house,  by 
which  means  it  was  possible  to  divert  the  fume  to  the  smelter 
stack,  in  the  event  of  the  bags  requiring  repairs  or  renewals. 
At  the  same  time,  as  the  capacity  of  the  fan  in  use  was  not 
large  enough  to  take  all  the  fume,  it  was  possible  to  run  the 
furnace  at  full  capacity,  likewise  preventing  any  fume  from 
blowing  through  the  charging  doors,  and  interfering  with  the 
feeding. 

In  order  to  thoroughly  test  the  method,  three  distinct  charges 
were  used  :  slag  briquettes,  slag  nodules,  and  ordinary  dump 
slag. 

'i'he  ilrst  to  be  used  were  the  bricjuettes  having  the  following 
composition  :  — 

CriLshed  slag         . .   -J -in.  size         . .         KX)   parts 
Limestone  ..  ,,  ..  15      ,, 

Coke  . .  . .  ,,  . .  15       ,, 

Cement      . .  . .  . .  . .  1.5    ,, 

From  the  outset  a  great  deal  of  trouble  was  experienced, 
through  the  friable  nature  of  the  bri(|uettes,  which  broke  up  in 
the  furnace  and  filled  the  crucible  and  tuyeres  witli  fines.  It 
was  also  found  necessary  to  add  an  additional  2(1  %  of  coke, 
part  of  which  went  up  to  make  up  for  the  amount  of  fine  coke 
blown  out  of  the  furnace.     Quite  apart  from  those   mechanical 
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troubles  however,   tlie   cost  of   making   briquettes  was   found  to 
be  too  high  to  ensure  a  profitable  undertaking. 

In  dealing  with  the  slag  nodules,  all  the  above-mentioned 
objections  also  applied,  but  in  spite  of  the  many  difficulties 
encountered,  some  valuable  data  were  collected. 

The  assay  of  the  charge  gave — lead,  3.6  %  ;  zinc,  7.8  %.  The 
zinc  is  on  the  low  side  which  is,  of  course,  due  to  the  dilution 
of  the  slag  by  the  fluxes.  The  slag  tapped  ran  on  an  average 
.5  %  lead  and  3.2  %  zinc.  The  recovery  calculated  on  these 
figures  being  70  %  lead  and  60  %  zinc.  The  high  lead  contents 
of  the  slag  is  accounted  for  bv  the  fact  that  it  was  taken  from 
an  old  section  of  the  dump. 

During  all  the  operations  a  great  deal  of  trouble  was  experi- 
enced through  the  formation  of  sows,  but  by  building  the  crucible 
with  a  slope  in  the  direction  of  the  tap  hole,  this  trouble  was 
overcome. 

The  treatment  of  the  nodules  was  a  replica  of  the  briquette 
campaign,  only  of  shorter  duration,  giving  practically  the  same 
results. 

Following  the  briquettes  and  nodules,  a  trial  was  carried  out 
with  slag  direct  from  the  dump.  A  certain  proportion  of  lime- 
stone was  added  in  order  to  run  a  slag  going  about  25  %  CaO. 

The  following  is  the  composition  of  the  average  charge  : — 

Slag  . .  100  parts         . .  1  in. 

Limestone     . .  17     ,,  . .  1    ,, 

Coke  ..  34     „  ..         3  „ 

carn-ing  2.3%  Pb.  and   9.8  %  Zn.      The  tapped  slag  went    1  % 

Pb.  and  5.4  %  Zn.     The  recovery  on  these  figures  gives  60  %  Pb. 

and   41  ''^  Zn.     These  results   are  low^    but  from    data    obtained 

while  using  a   small  quantity  of   slag  rich   in   zinc,   it  was  found 

[KA-ssible  to  maintain  a    recovery  of   about    75  %  and  it  was  also 

found  U)  \ye  a  comparatively  simple  matter  to  reduce  the  zinc  to 

about  5  ^/^y^  regardless  as  to    whether    the  original    contents  were 

9%  or  15%  so  that,  in  running  on  a  slag  going  15%  or   20% 

Zn.,  a  fair  margin  oi  profit  would  be  shown. 
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About  40  tons  of  oxide  of  a  blue-grey  colour  \v»'rt;  collected 
which,  on  ignition,  appeared  creamy-white  and  gave  the  f()llf)wing 
analysis  : — 


Pb( ) 

/O 

25.42 

ZnO 

b:i.(KJ 

CaO 
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CI 

Conclusions. 

.014 

From  the.se  te^ts  certain  detinite  data  were  established,  -showing 
that,  in  order  to  successfully  recov^er  zinc  from  lead  bla>t  furnace 
slags,  the  zinc  in  the  original  slag  should  not  l>e  nmch  below 
150/ 

LfJ  Q. 

Ill  addition  it  was  found  that  a  large  proportion  of  the  zinc  is 
evolved  during  tlu^  process  of  melting,  hence  cold  slag  is  preferable 
to  slag  in  tin-   moltecl  state  to  commence  with. 

The  slag  having  reached  the  molten  stage  no  more  fumt^  comes 
off  until  the  temperature  attains  the  region  of  IGOC^  ('.  or  over. 
A  lower  temperatun;  can  be  used,  say  1200°  C.,  provided  the 
bath  is  kept  in  a  state  of  constant  agitation  during  the  whole 
period  of  treatment. 

The  above  points  concernuig  critical  temperature  were  estab- 
lished through  the  medium  of  the  electric  furnace,  which  proved 
particularly  suitable  for  this  class  of  work,  where  a  condition  was 
required  at  all  times  that  would  permit  of  a  dose  ami  constant 
watch  iM'ing  kept  on  the  operations  as  a  wiiole,  but  more 
particularly  on  the   bath  of  slag  itself. 
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Ill  order  io  canv  tlie  oxperiments  through  to  a  finality  a 
small  olt'ctrolvtic  zinc  plant  was  erected  for  tlie  treatment  of 
the  oxide.  The  plant  was  capahle  of  producing  about  one  ton 
of  zinc  \wr  diiv  and  the  whole  of  the  oxide  was  converted  to 
metal,  which  presented  no  difficulties  in  operathig  beyond  those 
usually  encountered  in  converting  oxide  to  metal  electrolytically, 
a  liigh-gradc  zinc  being  produced. 
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SULPHURIC    ACID:     THE    CHAMBER    PROCESS    UNDER 
TROPICAL    CONDITIONS. 

By  W.  H.  Mawdsley. 

Though  the  literature  on  the  chamber  process  is  considerable, 
it  mostly  refers  to  European  conditions.  (3\ving  to  the  demand 
for  acid  for  flotation  and  leaching  at  the  mine,  it  may  be  necessary 
to  work  the  process  under  other  conditions.  Consequently,  some 
results  obtained  during  the  chlorination  days  at  Blount  ^lorgan, 
within  the  Tropic  of  Capricorn,  may  be  useful  for  reference  when 
working  in  a  similar  climate. 

Though  the  chambers  must  be  protected  against  tropical 
storms,  thorough  ventilation  should  be  provided,  with  plenty  of 
space  between  the  chambers,  which  are  almost  invariably  crowded 
together.  Not  only  does  the  space  assist  in  the  coobng  of  the 
chambers,  but  it  is  very  desirable  during  repairs,  when  lead  and 
timber  have  to  be  hoisted  up. 

The  connecting  flues  between  the  chambers,  which  are  fairly 
efficient  mixers  and  condensers,  should  be  round,  supported  from 
above,  and  with  the  least  possible  timber  about  them.  Their 
position  and  arrangement  deserve  careful  attention. 

Lattice  work  will  be  sufficient  protection  for  the  sides  of  the 
chambers,  and  the  roof  should  be  high  and  well  ventilated. 

The  Mount  Morgan  plant,  crowded  and  not  well  situated, 
consisted  of  seven  chambers  (four  over  50  ft.  in  length),  one 
(rlover  tower  7  ft.  2  in  sq.  x  20  ft.  high,  one  Gay  Lussac  0  ft.  sq. 
X  .'50  ft.  high,  also  one  .")  ft.  diam.  x  25  ft.  high.  Tlicre  was  one 
pipe  column  4  ft.  sq.  x   14  ft.  (»  in.  high. 

The  chambers  were  run  as  one  unit,  and  were  much  lower  than 
those  usually  constructed  in  Europe — less  than  15  ft.  high. 
Provided  that  suitable;  timber  can  be  obtaincnl,  20  ft.  is  quite 
low  enough.  It  should  be  quite  satisfactory  to  u.se  round  poles 
for  the  studs,  and  .so  admit  of  more  air  space  between  studs  and 
lead. 


[ThiR  paper  is  ncpsratcly   bound,  and   may   be,  if  ho  dMired,  detached  ooinplclc   from 
this  number.]  ■ 
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Furnaces. 

These  comprise  one  continuous  brimstone  burner  and  four 
pyrites  kilns,  each  burning  about  a  ton  of  ore  daily.  The  ore 
from  the  mine,  contained  about  30  %  S.  It  burned  well,  the 
cinders  averaging  about  3  %,  and  giving  no  dust  trouble  ;  with 
lalxnir-saving  appliances  the  writer  is  of  opinion  that  lump 
burners  are  worth  considering.  They  delivered  the  gas  through 
a  water-cooled  iron  flue  direct  to  leading  chamber.  The  nitre- 
potting  arrangement  was  attached,  so  that  no  nitre  went  into 
the  (ilover,  to  which  the  brimstone  burner  was  connected.  The 
draught  was  obtained  from  a  chimney,  to  which  the  boiler 
supplying  steam  was  connected.  For  some  months  a  motor- 
driven  fan  was  used.  One  night  an  explosion  announced  that 
a  good  deal  of  it  was  missing,  evidently  owmg  to  an  excess  of 
centrifugal  force.  Luckily,  there  were  no  casualties.  In  some 
chambers   water  sprays   were  used,  and   were   quite  satisfactory. 

The  chamber  capacities  were  : — 

cub.  ft. 
11,733 
23,842 
12,660 
15,112 
26,000 
18,696 
11,600 


Total       ..    119,643 
Towers  and  connectinij  flues        . .        4,577 


Total       ..    124,240 

Action  of  Acid  on  the  Lead. 

Where  the  sides  of  the  chamber  in  tho  "  tray  "  are  exposed  to 
the  action  of  acid  on  both  sides,  and  where,  owing  to  vertical 
{losition,  lead  sulphate;  cjinnot  arcumulate,  the  wear  of  the  lead 
JH    most  severe. 

In  order  to  ascortani  the  extent  of  the  action,  strips  of  sheet 
lead  were  cut  to  uniform  weight  and  carefully  marked.  A  hole 
nrMT  til.!   fftp  <t{  each  strip  allowed  of   their   being  suspended   in 


ON  SULPHURIC  ACID. 


87 


the  acid  without  contact  with  the  chamber  lead.  Strips  of 
English  and  Australian  lead  were  suspended  side  by  side  in  each 
chamber,  and  were  taken  out,  washed,  dried,  and  weighed  at  the 
end  of  each  month.  Sometimes  there  was  a  slight  increase  in 
weight.  Both  brands  of  lead  were  of  the  best  chemical  quality, 
and  the  analysis  was  supplied  by  the  makers.  Below  are  given  the 
respective  weights  : — 

Loss  in   Weight  of  Strips  of  Lead,  about  9  in.  x  1   in..  Suspended   in 
Chambers  for  Three   Years.     Original   Weight,  228  grm. 


No. 

OF  Chamber. 

1. 

2 

3. 

4. 

5. 

c. 

7. 

Loss  in  weight — (A) 

50.8 

51.0 

26.3 

138.5 

126.0 

47.1 

30.8 

(B) 

45.8 

32.9 

44.2 

151.8 

100.2 

38.6 

33.8 

Average  Tw  of  Acid 

120° 

121° 

115° 

128° 

107° 

114^ 

115° 

Temperature  of  acid — 

Summer 

33° 

30° 

32° 

30° 

29° 

— 

Winter 

28° 

25° 

24° 

26° 

— 

25^ 

27° 

No.  of  weeks  chamber 

idle 

15 

32 

35 

10 

28 

3 

80 

Loss  in  Weight  per  annum,  grm.  : — 

12  3  4  ,  5  .  6  7  'i 

A  18.0    7.U    23.0     10.0     11.3    5.0    49.3    21.«;     hi  A     22.4     IH.O    7.0    21.0      «>.2 

P.  ItJ.S     7.3     13.8    ,  »)        19.0    8.3    5-t.O     23.G    47.0     17.8     13.1     5.7    23.1     10.1 

Total   loss  in  three  years,   without  allowing  for  time    chambers  were 

out  of  commission— A,  29.49  %  ;  B,  27.72  %. 

The  make  of  acid  was  determined  weekly,  as  well  as  at  the  end 
of  each  month,  and  the  writ<»i  believes  that  the  density  of  the 
chamber  acid  was  from  the  weeklv  average. 

In  some  cases  the  surface  of  the  lead  became  rough,  like  very 

coarse  sand-paper  ;  in  others  there  were  vertical  grooves  eaten  in. 

Sometimes,  too,  round  holes  rather  larger  than  a  pin's  head,  filled 

with    sulphate,    penetrated    just     below   the   surface   of   the    lea<l. 

Occasionally  the   writer  has  known  lead   to   wear  uniformly  thin 

and   smooth,    becoming    very   flexible,    but   usually     it     has    been 

deeply   grooved   and   pitted   and  decidedly   hard.     This    grooving 

seems  to  point  to  a  segregation  of  the  impurities.     Allowing  for 

the  presence  of  0.02  ^'^  '^'^  ''^  ^'^^  lead,  in  one  ton  there  would  be 

II  2 
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44. S  lb.,  and  the  (|uestioii  of  liow  this  is  spread  over  373  sq.  ft. 
(()  lb.  or  320  sq.  ft  ;  7  lb.  =  1  ton)  would  considerably  affect  its 
resL^tance  to  acid.     The  analysis  is  of  little  use  in  this  direction. 

Pipe  Column. 

This    is    claimed   to  economize  space,  but   is  rather  costly  to 

construct.     Results  obtained  may  be  of  interest  :  — 

Size. — 4  ft.  X  4  ft.  X  16  ft.  high,  containing  8  rows    of    pipes  2|  in. 

outside  diam.,  8  in  each  row,  and  7  rows  with  7  in  each  ;  total, 

113  pipes  4  ft.  long,  weighing  38  cwt. 

Camcity. — 232  cub.  ft.,  less  15.4  cub.  ft.  space  occupied  by  pipes  = 

216  cub.  ft. 
Surface  Area. — Sides,  top,  and  bottom       . .     264  sq.  ft. 
Area  of  pipes  . .  . .     295   „     ,, 


5t)J    ,,     ,, 
The  surface  area  is  thus  considerably  more  in  proportion  to  its 
capacity  than  with  an  ordinary  chamber. 

Situation. 
The  chambers  were  so  crowded  together  that  the  only  space 
available  was  at  the  back  of  No.  3  chamber.  The  acid  con- 
densed was  collected  in  a  small  tank  and  m.easured,  so  that  the 
*'  mako "  of  acid  could  be  determined.  During  one  week  in 
June,  when  rather  more  than  11)  tons  of  brimstone  were  burnt, 
the  "  make  "  of  the  chambers  and  pipe  column  was  carefully 
estimated.  At  this  time  there  were  5  chambers  in  use,  and  the 
dailt^  ''  make  "  was  :  — 


Chamber. 

Capacity, 
cub.  ft. 

Cwt.  of  acid, 
123° 

Cub.  ft.  per      Sq.  ft.  of  surface, 
cwt.  of  acid.       per  cwt.  of  acid. 

1 
*2 

•t 

Pipe  Column 

U 

5 

11,6(X) 
19,733 
20,fXX) 
216 
27,rXX) 
11,7.'J3 

34 
62 
80 

4i 
46 

3i 

341 

318 

325 

50 

586 

3352 

98 
91 

89 
131 
157 
957 

These    two   chJunlxrrM,  nulMtHiucritly    renewed,  were    reduced    to  18,090  and 
23,»42  cub.  ft. 
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These  results  show  that,  though  the  pipe  coluinu  required  only 
5()  cub.  ft.  for  1  cwt.  123°  acid  daily,  the  lead  area  per  cwt.  is 
much  more  than  m  the  first  three  chambers. 

Condensation  in  had  cnnnccfing  iht^,  hetiveen  pipe  column  and 
No.  4:  chamber  (116  ft.  8  in.  long  x  1  ft.  2  in.  sq.) — Area  of  lead, 
544  sq.  ft.  ;  capacity,  158.7  cub.  ft.  ;  average  make  during  14  days 
in  October,  2.54  cw-t.  acid  123°;  cub.  ft.  per  cwt.  daily,  62.48; 
sq.  ft.  surface  per  cwt.,  214. 

This  shows  better  results  than  the  chamber,  but  inferior  to  the 
pipe  column.  The  proportion  of  surface  to  capacity  deserves  careful 
attention. 

Luting  a  Chamber  with  Water. 

This  is  very  undesirable,  but  on  one  occasion  had  to  be  done  in 
summer  with  a  small  chamber,  the  last  in  a  series.  In  18  days  there 
was  an  increase  of  J  in.  in  depth,  and  the  density  became  74°  Tw. 

Chamber  Conditions  in  April  (Wiiitor). 

Chamber  space  between  11  and  12  cub.  ft.  per  lb.  of  S  daily. 

SO.j.  (). 

Brimstone  gas  average — 9.80%        9.40% 

Pyrites  „  „      —7.50%        8.00% 

Chamber  exit  8.00  %  0  and  2.5  gr.  SO3  per  cub.  ft. 

Speed  of  Gay  Lussp.c  exit,  about  7  ft.  per  sec. 

Brimstone  burnt,  about  2\  tons  daily. 

Pyrites  burnt,  about  3^  tons  daily  (33  %  available  S). 

Total  S  for  month,  99  tons  16  cwt. 

Acid  made,  364  tons  18  cwt.  (123°  Tw) 

Yield  of  acid  on  sulphur  burnt,  91.40"o. 

Nitre,  6.4  %. 




1. 

2^ 

3. 

4. 

5. 

6. 

7. 

TiMiipon-.turc  of  <"hrim- 

bers,  11.30  a.m.    .. 

70° 

62° 

40° 

61° 

38** 

»• 

Teinpcratiiro  of  cham- 

ber ;i(i(l 

32° 

28° 

26° 

30° 

— 

28° 

29° 

Dnnsitv     of     chamber 

acid    Tw 

129° 

117° 

118° 

♦135° 

ITGf 

iir 

•  Abnormally  stronff. 

TenifM'r.iturc  of  :.tmospherc.  ll..*i()  .i.in.,  26   . 

TemjH-nitunr  of  (inv  I.ussiic  exit,  11.30  a.m.,  31".    Bar  29. r. 
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Chamber  Conditions  in  Novp^mrer  (Summer). 
Two  chambors  idh^  aiul  2  pyrites  furnaces  out. 


-— 

1.         2. 

3. 

4. 

5. 

48° 

6. 

39° 

7. 

Temperature    of    cham- 
bers, 11.30  a.m. 

1 
1 

74°      — 

57° 

68° 

Temperature    of    cham- 
ber acid 

,     33°      — 

30° 

32° 

30° 

29° 

Den.*<itv  of  chamber  acid 
Txv  ■ 

■  114°      — 

1 
i 

119° 

127° 

112° 

118° 

Temperature  of  atmosphere,  11.30  a.m.,  29°. 

Temj>erature  of  Gay  Lussac  exit,  11.30  a.m.,  37°.     Bar.  29.4". 

Cham])er  space  (62.152  cub.  ft.),  9.5  cub.  ft.  per  lb.  of  S. 

Brimstone  gas  average — 10.9         8.8 

Pyrites  „  „      —  8.5         7.8 

Chamber  exit^lO.26  %  0  and  3.30  gr.  SO3  per  cub.  ft. 

Speed  of  Gay  Lussac  exit,  about  8J  ft.  per  sec. 

Brimstone  burnt,  about  2J  tons  ;  pyrites,  1 J  tons  (33  %)  daily. 

Total  S  for  month,  88  tons  17  cwt.  2  qr.  ;  nitre,  8.20  %. 

Acid  made,  308  tons. 

Yield  of  acid  on  sulphur  burnt,  86.60  %. 

In  June  (midwinter),  when  the  brimstone  furnace  was  idle  for 
12  days,  the  temperatures  were  :  — 


—            ! 

1.     ' 

2. 

!  3. 

26° 

4. 

5. 

6. 

30° 

7. 

Temf>erature  of  cham- 
ber, 1  l.'yj  a.m. 

(Kf 

47° 

56° 

27° 

Temj>erature  of  cham- 
ber acid 

22.6° 

19° 

18° 

23° 

19° 

21° 

Density    of    (h.:ni})<'r 

a^id  Tw 

- 

124° 

110° 

112° 

t 

120° 

' 

113° 

117° 

TemfKTature  of  atmosphere,  11.30  a.m.,  19°. 

Temfx-raturc    of  Gay    Lussac  exit,   11.30  a.m.,  24.3°;    No.  1    pyrites 
furnace   j)ipe,  92'^   to    \M\      Har,    29.4". 
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The  "  creeping ''  of  lead,  especially  vertically,  is  une  of  the 
troubles  in  a  chamber  plant.  The  lead  being  made  fast  on  top, 
the  downward  movement  tends  to  draw  it  out  and  make  it  thinner 
about  the  crown  plate.  To  provide  against  this,  the  sheets  are 
sometimes  rolled  thicker  for  about  2  ft.  from  the  end.  The 
"  creep  "  is  sometimes  to  the  extent  of  o  in.  or  so,  and  the  hori- 
zontal straps  often  tear  off  or  give  way.  Some  provision  might 
be  made  to  allow  for  the  horizontal  rails  being  lowered,  after  the 
creeping  had  begun,  sufficiently  to  support  the  lead  without 
undue  strain  on  the  straps.  It  should  also  be  worth  while  having 
the  ends  of  the  sheets  thicker  where  immersed  in  the  acid,  that 
being  usually  t)ie  first  place  to  need  patching. 

Owing  to  the  acid  being  in  layers  of  varied  density  in  a  chamber, 
there  is  some  little  trouble  in  getting  a  fair  sample.  The  writer 
got  good  results  with  a  copper  cylinder  open  at  one  end  and  with 
lugs  at  the  side  near  the  top  for  a  handle,  similar  in  style  to  that  of  a 
bucket.  There  was  a  series  of  holes  bored  verticallv  in  one  row 
from  bottom  upwards.  A  pipe,  open  at  both  ends,  fitted  neatlv 
inside,  with  holes  bored  to  correspond  with  those  in  the  cylinder. 
A  projecting  lug  at  the  top  of  the  pipe  fitted  in  a  recess  in  the  top 
of  the  cylinder,  allowing  for  a  lateral  movement  of  the  pipe  ; 
consequently,  by  inmiersing  the  cylinder  with  holes  blocked,  and 
then  moving  the  inside  pipe  till  the  jioles  corresponded,  acid 
came  in  at  various  levels  at  the  same  time  :  then,  bv  reversiuir 
the  movement,  the  cylinder  retained  the  acid,  which  could  \)o 
emptied  into  a  jug.  Having  occasion  once  to  tMupty  a  small 
chamber  into  tanks,  the  writer  found  that,  though  the  densities 
varied,  the  total  agreed  closely  with  that  calculated  to  be  in  the 
chaml>er. 

Estimation  of  quantities  of  acid  Ls  usually  done  by  working  out 
factors  for  the  various  chambers  and  tanks — e.g.,  chamber  1(K>  x 
:iO  =  :i(KX)  sq.  ft.  ;  at  a  depth  of  1  ft.  would  contain  'MMH\  cul).  ft., 
and  at  a  depth  of  I  in.  '2nO  cub.  ft.  The  tables  in  use  generallv 
give  11).  of  acid  per  cub.  ft. — r.r/.,  1  cub.  ft.  at  110  contains 
8().()2  11).  acid  at  I2.i  .  To  get  the  <juantitv  in  tons,  the  result 
must  Ix^  divided  by  2240  ;    for  this    reason  the  250  as  above  ia 
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divided  l)v  'J210  =  0.112,  wliicli  may  be  called  the  factor  for  that 
chamlxM-.  Now,  0.112  x  80. ()2  =  9.70,  or  the  number  of  tons  of 
acid  at  123°  for  every  inch  in  depth.  Consequently,  by  ruling  a 
book  and  entering  up  tlie  various  densities  as  they  occur  it  only 
becomes  necessarv  to  look  up  the  factor  for  tlie  density  found 
inultiplv  by  number  of  inches,  and  the  result  is  obtained  in  tons 
at  123^ 

In  order  to  simplify  this  work  it  is  advisable  to  have  the  tanks 
and  chambers  as  relatively  uniform  as  possible. 
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A  DESCRIPTION  OF  THE  TREAT.MENT  OF  THE  COPPER 
IMPURITY  IN  THE  LEAD  ORES  SMELTED  AT  THE 
SULPHIDE  CORPORATION'S  WORKS,  COCKLE  C  REEK. 

By  D.  C.  M'Gruer. 

The  question  of  dealing  with  the  small  quantities  of  copper  found 
in  a  great  many  of  the  purchased  ores  became  a  factor  of  import- 
ance when  the  Sulphide  Corporation  decided  to  refine  its  own 
lead  bullion,  as  the  presence  ot  this  impurity  has  a  marked  effect  on 
the  efficiency  of  the  de-silverizing  operations  of  the  Parkes  process. 

Removal  of  the  Copper  from  the  Base  Bullion. 
The  copper  is  removed  from  the  ba^^'e  bullion  by  drossing, 
wh'cl'  collects  the  copper,  and  at  the  same  time  has  considerable 
gold,  silver,  and  lead  values.  The  drossing  of  the  bullion  is  done 
in  two  stages — firstly,  at  the  smelters  ;  and  secondly,  in  the 
copper  kettles  at  the  refinery.  In  both  cases  a  "  wet  "  dross  is 
produced,  which  is  subsequently  "  sweated  "  in  a  suitable  type 
of  furnace.  AVhen  "  drv,"  the  dross  is  raked  out  and  stored  until 
enough  accumulates  to  warrant  a  run  on  dross  in  the  small  blast 
furnace  kept  for  that  pui*pose. 


A  typical  assay 

of 

the 

-dr 

\  "  dross  is  as  follows  : 

Au 

.3  oz.  per  ton. 

Ag 

•'•'        ^»            ??               )5 

Pb 

.       fiO-70  %. 

Cu 

.       «.5%. 

Fe 

o  .)  0/ 

-•-     o- 

Zn 

.    l.'>%- 

Sb 

.       4.5  o/„. 

As 

.       l.<i%. 

S 

.       \.-'%. 

AVoRKiN<;  THK  Dross  rp  tq  Low-Grade  Cu-Pb  Matte. 

The  accumulated  dross  is  treated  in  a  small  blast  furnace  with 
tho.  necessary  fluxes,  producing  a  low-grade  Cu-Pb  matte  and 
base  lead  bullion. 


[Thii  paper  is   srpuratcly  buund,  and    may  be,  if  so  desirpd,  detached   complete  from 
(hit  number.  J  c 
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The  assay 

value  of  the  matte  bemg  approximately  as  follows 

— 

All      . 

.05  oz.  per  ton. 

Ag      . 

.     30.0     „     „      „ 

PI)       . 

.     23.20/0. 

Cii       . 

.     23-25  o/^,. 

Fe       . 

.     250/^. 

Zn 

.       3.00/^. 

Sb 

.       5.6  <%. 

As       . 

.       3.30/^. 

S 

.     14.40/0. 

Treatment  of  the  Low-Grade  Cu-Pb  Matte. 

This  matte  was  formerly  crushed,  roasted,  then  leached  with 
H0SO4  and  copper  precipitates  produced  ;  but  owing  to  the 
shortage  of  scrap  iron  some  other  means  of  converting  the  Cu 
into  a  marketable  form  had  to  be  sought. 

The  conversion  to  bluestone  showed  most  pi'omise,  and  with 
this  object  in  view  the  low-grade  matte  is  crushed  through  J-in. 
screen,  given  a  quick  roast  in  the  rotary  furnaces,  then  over  a 
Dwight-Lloyd  machine,  and  finally  worked  up  to  high-grade  matte 
in   a   reverberatory   furnace. 

In  working  the  low-grade  up  to  high-grade  matte,  the  time  of 
treatment  is  gauged  by  the  Fe  contents  of  the  charge,  ana  when 
a  dip  sample  shows  the  Fo  to  be  about  2  %  the  charge  is  tapped, 
irrespective  of  the  copper  values. 

The  lead  loss  is  naturally  high,  but  provision  is  being  made  to 
connect  the  reverberatory  furnace  to  a  bag  house  in  the  near  future. 

An  average  assay  of  the  high-grade  matte  produced  is  as 
follows  : — 

Au  ..  ..  1.125  oz.  per  ton. 


A<f 

J.  .  ±^'t  y 

(iiJ.O      , 

Pb 

..         24.0%. 

Cu 
F( 

..         47.0  o/„. 
2.0%. 

Zn 
8 

2.4%. 
..         17.0  <X,. 
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The  high-grade  matte  is  crushed  in  a  Krupp  mill  through  1/40- 
mesh  screen,  roasted  in  a  4:-hearth  hand  reverberatory  furnace, 
and  then  passed  on  to  the  leaching  department  for  the  production 
of  bluestone.  The  temperature  aimed  at  when  roasting  is 
between  ()00°  and  <)25°  C,  the  following  tests  being  taken  under 
working  conditions  : — 

No.  1  hearth  . .    460°  C. 

No.  2       „  . .     532°  C. 

No.  3       „  . .     r)82°  C. 

No.  4       „  . .     ()18°  C. 

An  average  sulphur  assay  of  the  roasted  product  is  as  follows  : — 

Total  8      ..  ..     7.7%. 

S  as  SO3  ..  ..     7.4%. 

Bluestone  Department. 

Working  Up  the  Cu  in  the  Roasted  Higii-Grade  Matte  to 

Bluestone. 

The  copper  is  dissolved  out  of  the  matte  by  leaching  with  dilute 
H2SO4  in  an  ordinary  circidar  agitation  vat  provided  with  a 
wooden  paddle,  which  is  driven  by  a  spur  and  pinion  wheel  fitted 
over  the  top  of  tJie  vat. 

Two  >uch  agitators  are  in  use,  and  they  are  used  for  either 
leachmg  the  roasted  matte  or  purifying  the  neutral  leacli  liquors. 
Sometimes  one  is  treating  matte  and  the  other  is  purifying  liquors, 
and  at  other  times  they  are  both  purifying  accumulated  neutral 
liquois.  TIh'  production  of  a  neutral  impure  liquor  occupies 
from  1  to  .")  hours,  whereas  .">  to  15  hours  are  necessary  for  purifica- 
tion, according  to  the  (piantity  of  iron  present  ;  therefore  an 
accunuilation  of  impure  neutral  liquor  takes  place. 

Ill  making  up  neutral  liquors,  the  roasted  high-grade  matte  is 
carefully  weighed,  then  tipped  into  the  agitator,  which  has  been 
previously  filled  to  the  correct  level  with  HoO  (or  acid  wash 
litpiors  from  a  previous  charge)  and  a  calculated  (piantity  of 
HgSO,. 

Suffici<Mif  acid  is  addt^d  to  give  a  neutral  licjuor  containing  70 
to  H()  gnu.  per  litre  of  copper. 
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The  toniptM-atuiv  of  the  liquor  is  kept  up  to  about  70°  C.  by 
means  of  live  steam  delivered  to  the  bottom  of  the  agitator. 

Samples  are  taken  during  the  agitation,  and  a  test  made  for 
Cu,  Fe,  and  free  HsSO;^. 

AVhen  the  copper  in  the  solution  is  correct,  and  the  acid 
neutralized,  the  agitation  is  stopped,  steam  turned  off,  and  the 
pulp  allowed  to  settle,  the  clear  liquor  then  being  syphoned  off 
to  the  storage  vat  for  impure  neutral  liquors.  It  has  been  found 
that  at  least  three  leaches  can  be  made  before  it  is  necessary  to 
discharge  anv  residues.  The  Cu  contents  of  the  matte,  of  course, 
control  the  size  of  the  charge  to  agitators,  and  consequently  the 
number  of  charges  treated  before  discharging  a  residue. 

Treatment  of  the  Residues  in  Agitator. 

After  the  third  neutral  liquor  has  been  syphoned  off,  two 
successive  acid  washes  are  given  to  the  residues.  Each  wash  is 
given  about  2  hours'  agitation  with  5  to  10  %  H2SO4.  Live  steam 
is  used  to  raise  the  temperature  to  about  ()0°  C.  Periodical  tests 
of  the  wash  liquor  for  Cu  and  acid  are  taken,  and,  when  no 
further  increase  of  Cu  in  the  solution  is  shown,  the  agitation  is 
stopped,  the  pulp  allowed  to  settle,  and  the  clear  acid- wash  liquor 
is  run  off  to  the  wash-water  storage  vat.  From  the  vat  it  is 
subsequently  pumped  back  to  the  agitatoi*  for  the  next  charge 
to  make  up  neutral  leach  liquors  of  the  required  strength.  After 
the  second  acid  wash  has  been  settled  and  run  off,  sufficient  water 
Is  added  to  Hush  the  whole  of  the  residues  out  of  the  agitator 
through  a  bottom  discharge  into  No.  1  of  three  cone-shaped 
settling  vats,  which  are  terraced  to  flow  from  No.  1  to  No.  2,  and 
so  on,  fuially  overflowing  into  the  storage  vat  for  acid-wash  liquors. 
The.«M»  vats  allow  the  pulp  to  settle,  and  the  clear  wash  wat(;r,  which 
contahis  a  little  copper,  is  either  displaced  by  luiming  in  fresh 
wat«r  U)  No.  1  or  by  sy])honing  off  to  the  acid-wash  storage  vat. 
The  tiiickened  pulp  is  discharged  through  a  bottom  discharge  pipe 
int^)  a  large  brick  bin,  where  it  is  allowed  to  dry  out  sufficiently 
to  Ije  sent  to  the  roasting  department.  All  bluestone  plant  residues, 
whieh  represent  a}>out  10  %  bv  weight  of  tlx*  original  high-grade 
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matte  leached,   are   incorporated   in   tlie  H.H.   pot  charge,   which 

forms  part  of  the  ordinary  daily  charge  to  the  blast  furnace. 

Of  the  metal  values  in  the  high-grade  matte  treated,  all  of  the 

Au,  Ag,  and  Pb  is  retained  in  the  residues,  together  with — 

% 

46      of  the  Fe. 

32       ,,     ,,     Zn. 

9.5  „     „     Cu. 

The  Au,  Ag,  and  Pb  vaUies  are  thus  separated  from  90.5  %  of 

the   copper,   and   are    subsequently   recovered   with     the   bulhon 

produced    in    th(*.    blast   furnace,  the   Cu   that    escaped    solution 

being  again  drossed  off. 

Purification  of  the  Impure  Liquors. 

Iron  is  the  chief  removable  impurity,  and  during  its  precipita- 
tion the  whole  of  the  As  and  8b  is  also  precipitated. 

The  Hofmann  system  of  purification  has  been  successfully 
employed.  This  system  claims  that  in  the  presence  of  air  and 
CuO  (in  hot  liquors)  ferric  sulphate  is  oxidized,  then  precipitated 
as  ferric  oxide,  and  that  a  chemical  equivalent  of  copper  goes  into 
solution  as  CuSO^.  A  considerable  departure  from  the  somewhat 
elaborate  purifier,  as  described  by  Hofmann,  has  been  made, 
and  all  liquor  purifications  are  carried  out  in  an  ordinary  agitation 
vat. 

Several  methods  of  a])plyiiig  the  air  have  been  tried,  but  the 
best  results  have  been  obtained  bv  delivering  the  air  and  steam 
at  a  point  near  the  bottom  of  the  agitator,  either  by  two  inde- 
pendent lead  pipes  of  equal  length  strapped  together — one  for 
air  and  the  other  for  steam — or  by  mixing  the  air  and  steam  in 
one  lead  pipe.  Wliichever  method  is  applied,  the  Pb  pipe  is 
securely  fixed  to  the  inside  of  the  agitator  by  means  of  wooden 
cleats. 

Proceduhk  for  Puhifyinu  Liquors. 

Tlu'  ajritator  is  filled  to  the  correct  level  with  impure  neutral 
leach  solution.  A  sample  of  the  liquor  is  taken  and  tested  for 
iren  in  fho.  ferrous  state,  the  agitatoi*  i>^  then  started    ;iri(l  stcAm 
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and  air  turned  on.  For  the  necessary  CnO  eitlier  ordinary 
roasted  higli-irrade  matte  or  roasted  copper  precipitates  are  used, 
and.  as  the  temperature  rises  in  the  agitator,  ahout  .'iOO  lb.  of 
roasted   matte  or  precipitates  are  tipped  in. 

The  progress  of  the  purification  is  carefully  watched  by  means 
of  a  sample  of  the  liquor  taken  every  hour,  and  a  test  made  for 
ferrous  iron  by  acidifying  the  sample  with  H5SO4  and  titrating 
direct  with  standard  KMnO^.  In  the  presence  of  the  added  CuO 
(in  the  roast^id  matte  or  precipitates)  no  appreciable  iron  in  the 
feiric  state  is  foun.d  in  the  solution  ;  therefore  a  titration  for  Fe 
in  the  ferrous  state  gives  a  true  working  indication  of  the  total 
iron  in  the  solution  at  any  stage  of  the  purification. 

The  amount  of  F'e  in  the  impure  neutral  liquors  varies  con- 
siderably, according  to  the  iron  in  the  matte  treated  and  the 
completeness  of  the  roasting.  The  maximum  Fe  found  in  the 
impure  leach  liquors  is  about  10  g.p.l.  (grammes  per  litre),  and 
the  minimum  about  2.0  to  2.')  g.p.l. 

The  degree  of  purification  aimed  at  Ls  from  .15  to  .2  g.p.l.  Fe. 
From  5  to  1.")  hours'  agitation  and  aeration  are  necessary,  and, 
when  the  purification  is  finished,  the  agitator  is  stopped,  steam 
and  air  turned  off,  and  tlie  charge  allowed  to  settle.  The  clear 
solution  is  then  syphoned  off  to  the  storage  vat  for  purified  liquors. 

The  following  tabulation  shows  the  completeness  of  the 
removal  of  Fe,  As,  and  Sb,  the  Zn  not  being  affected  :  — 

Cu.      Fe.  As.  Sb.         Zn. 

Impure  licpior  (g.p.l.)       ..      7.'')     .").!        1.0.")     trace     3.0 
Purified  li(jUor  (g.]).l.)      ..     HO       .15     trace      7iil       'J.l 

Residues  in  Purifier. 

AiU'T  decanting  the  purified  liquor,  the  residue,  which  contauis  a 
con.sid^rable  bulk  of  ])n'cipitated  ferric  oxides,  is  given  a  weak 
acid  wash  to  dissolve  th«'  unconverted  CuO.  About  three  jiours' 
agitation  \h  given.  TIk-  i(;sidue  is  allowed  to  settle,  and  the 
liquor  docanted  to  the  acid-wash  liquor  storage  vat.  If  necessary 
two  acid  washes  are  given,  then  the  residiies  are  discharged,  with 
water,   in   exactly   the   same   manner   as   ordinary   leach    residues 


ON  THE  TREATMENT  OF  COPPER  IMPURITY  IN  LEAD  ORES.        -'^ 

when  making  up  neutral  impure  liquors.  All  acid-wash  water 
is  used  as  subsequent  leach  solutions  for  fresh  charges  of  impure 
liquor. 

Concentration  of  the  Purified  Liquor. 

The  main  evaporating  pan  is  a  rectangular  lead -lined  wooden 
vat  of  7.jO-gal.  capacity.  The  first  arrangement  consisted  of  six 
4-in.  lead-covered  boiler  tubes  let  into  the  vat  longitudinally, 
with  a  fire-box,  suitable  for  burning  coke,  at  one  end,  and  a 
chimney  at  the  other.  The  rate  of  evaporation  proved  to  be 
altogether  too  slow,  and  the  coke  consumption  was  abnormal. 
Steam  coils  were  then  installed,  the  first  being  a  1-in.  soft-lead 
piping.  The  best  results  have,  however,  been  obtained  by  using 
li-in.  8b -Pb  piping,  containing  4%  Sb.  On  account  of  the 
strength  of  the  hard-lead  piping  the  scale  can  be  periodically 
removed  without  injury  to  the  coil.  An  analysis  of  the  scale  that 
forms   is   as   follows  : —  o;, 

Pb  .  .  . .  . .     nil. 

Cu  ..  ..  ..     2c^.8 

Fe  ..  ..  ..         .4 

Zn   ..  ..  ..  A) 

Sb   . .  . .  .  .     trace 

As   ..  ..  ..  .9 

Total  8  ..  ..      14.:. 

S  as  SO,       ..  ..      14.5 

The  evaporator  will  not  hold  enough  concentrated  liquor  to  fill 
a  crystallizing  vat,  therefore  when  the  li([uor  in  the  evaporator 
has  attained  a  sp.gr.  of  1.4  it  is  run  t(.  a  storage  vat  provided 
with  Pb  coil,  using  the  waste  steam  from  the  evaporator.  This 
storage  vat  acts  as  a  further  concentrator,  and  also  as  a  means 
for  thoroughly  clarifying  the  liquor  before  its  gravitation  to  tlii' 
crystallizers,  where  it  is  delivered  at  frorn  1.4:^  to  \A'.\  sp.  gv.  and 
from  SO-^  to  85°  C. 

Crystallizers. 
The  crystallizing  vats   in   use  are   ma(h'  of   brick,   lined  on  the 
sides  with  H-lb.  sheet  lead,  and  with   lO-lb.  load  on  the  bottoms. 
Dimensions  of    the  vats  an-  S  ft.  x   10  ft.  x  'J  ft.  '.•  in.  high,  and 
their  capacity  l.'JTO  gal. 
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To  give  the  maxiniiini  of  surface  for  bluestone  crystals  to  build 
upon,  each  vat  has  112  sheet-lead  strips  8  in.  wide  and  4  ft.  3  in. 
long,  hung  on  4x2  hardwood  battens,  and  allowed  to  extend  down 
into  the  vat  to  within  about  7  in.  of  the  bottom.  AVhen  it  is 
desired  to  fill  a  crvstallizer,  all  the  strips  are  placed  in  position  ; 
the  hot  concentrated  liquor  is  gravitated  from  the  storage  V9,t, 
covered  over  with  hessian,  and  allowed  to  cool  slowly  for  from 
7  to  9  da  vs.  From  2  to  2.5  tons  of  dried  bluestone  are  made  per 
charge. 

Discharging  the  Crystallizer. 

"VMien  the  crvstallizer  is  to  be  emptied,  the  mother  liquor  is 
ejected  bv  means  of  a  steam  ejector.  The  crystals  are  all  knocked 
off  the  strips  and  sides  on  to  the  bottom  of  the  vat,  then  shovelled 
out  and  delivered  to  the  washer.  Thus  two  products  are 
obtained  from  the  crystallizing  vats — 

(1)  Mother  hquor. 

(2)  Bluestone  crystals. 

Treatment  of  the  Mother  Liquor. 

An  average  analysis  of  the  mother  liquor  is  as  follows  : — 

g.  p.  1. 


Cu 

..      84.0 

Fe 

.8  to  2.0 

Zii 

. .      11.0 

Free  H0SO4       , 

1.8 

Sp.  gr... 

1.2() 

The  original  procedure  was  to  further  concentrate  the  mother 
liquor  and  prcxluce  a  second  crop  of  bluestone,  but  it  was  found 
that  the  resulting  crystals  were  of  low  grade,  which  necessitated 
their  l)cing  dissolved  and  re -crystallized.  Assay  value  of  the 
low-grade  bluestone  thus  produced  : — 


% 

Cu 

. .             1 

24.95 

CUSO4, 

5H,0 

97.5 

Fe 

•  •                          < 

.065 

Zn 

•  • 

.15 
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As  only  a  first-class  grade  of  bluestone  is  being  boxed  for  sale, 
the  necessity  of  re -dissolving  the  low-grade  blues  tone  cut  the 
capacity  of  the  plant  down  to  such  an  extent  that  some  other 
means  of  dealing  with  this  product  had  to  be  devised.  The  present 
practice,  which  overcomes  the  production  of  anv  low-grade  blue- 
stone,  Ls  to  by-pass,  and  run  over  scrap  iron,  a  definite  quantity 
of  mother  liquor  each  week,  returning  the  balance  to  the  purified- 
liquor  storage  vat.  By  this  means  no  building  up  of  the  Zn.  (which 
is  the  chief  impurity)  takes  place,  and  a  high  grade  of  blueston* 
only  is  made. 

The  C'u  precipitates,  produced  from  the.  mother  liquor,  which 
is  by-passed,  represent  about  lo  °o  ^^  ^^^^  ^^^  leached  from  the 
matt^.  It  is  roasted,  and  returned  to  the  purifier  as  a  source 
of  CuO. 

The  only  bluestone  now  being  re-dissolved  is  the  undersize  from 
the  hutch  of  the  washer.  This  is  dissolved  in  mother  liquor  in 
an  agitator  provided  with  a  paddle  and  steam  coil.  The  crystals 
are  added  to  the  liquor  until  a  sp.  gr.  of  1.435  is  obtained.  The 
liquor  is  then  run  into  the  crystallizer  with  ordinary  concentrated 
purified  liquors. 

Treatment  of  the  Bluestone. 

Waahing. — The  bluestone,  as  it  comes  from  the  crystaUizing 
vats,  has  to  be  washed  and  freed  from  any  veiy  fine  crystals. 
This  is  done  in  a  jigger  washer,  having  a  fixed  screen.  Mother 
liquor  is  used  as  the  wash  liquor. 

The  screen  on  the  washer  has  .'5  .'J^-iii.  IkiIcs.  wliich  allow  the 
undersized  crystals  to  pass  through  into  the  hutch  :  from  there 
they  are  periodically  shovelled  and  sent   to  the  ic-dissolver. 

Dryim/. — The  washed  crystals  are  shovelled  oflf  the  jigger  screen 
into  a  centrifugal  drier,  from  which  they  n\v  transferred,  when 
properly  dried,  to  a  screen  giving  two  sizes  of  crvstals — [  in.  and 
+  1   in. 

Bnxituj  the  iJi  1/  Blucslimc. — The  l)oxes  used  are  made  of  pine, 
and  have  an  inside  dimension  of  20  in.  x  10  in.  x  \'l  in.     Kach  Ikjx 
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is    lined  with  brown  paper  before  being  tilled,  and  holds  1  cwt. 
net  of  bluestone,  of  either  the  coarse  or  fine  grade  of  crystals,  and 

High-Grade  Matte  from  Roverberatorv  Furnnoo 

I 

Cnished  Ij-iO  screen 

Keverberatory  Roaster 

Agitator  +  H2SO4 


Neutral  Cu  liquor 


Purifying  vats  -h  air,  stoam  &  CuO 


Residues 
Back  to  blast  furnace 


Purified  liquor 

I 

Storage  vats 

I 
Evaporator 

Concentrated  liquor  storage  vat 

I 

Crystallizing  vats 


Residues 


Bluestone 


Mother  liquor 


Washer 
Hydro  extractor 

I 

Screen 


Balance  V)ack  to 
purified  licjuor  vat 


Coanto  cryHtals 

I 


Fine  crystais 


Portion  by-passed 

I 

Scrap  Fe 

I 
Cu  Precipitates 

I 
Keverl)eratory  Roaster 

Purifier 


BoxcH  1  cwt.  net 

I 

Market 


Ki.ow-SuKKT  OF  Blukhtonk  Plant. 
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is  branded  C  or  F,  according  to  which  grade  of  crystals  it  contains. 
Assay  vaUie  of  the  finished  article  is  as  follows  : — 


Cu 

.     25. 2G 

CuSO^,  oHoO 

.     99.23 

Ni 

.002 

Zn 

.09 

MgO 

.     trace 

CaO 

.     trace 

ALO3  +  Fe^Oa        . 

.07 

As 

.     trace 

Sb 

.     trace 

Se  +  Te     . . 

trace 

Nitrates 

nil 

Insoluble    . . 

.02 

0 

It  will  be  noticed  that,  although  about  15  %  of  the  copper 
leached  out  of  the  high-grade  matte  is  by-passed  and  precipitated 
on  scrap  iron,  the  precipitated  Cu  is  roasted  and  returned  to  the 
puriiier  ;  therefore,  by  the  method  above  described,  a  metal, 
which  is  looked  upon  as  an  impurity  in  Pb  smelting,  is  separated 
from  the  Au,  Ag,  and  Pb,  and  converted  into  a  profitable  by- 
product. 
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FLOTATION  PRACTICE  AT  MOUNT  LYELL. 

By  L.  V.  Waterhouse,  B.E.  (Syd.),  Member. 

The  flotation  plant  at  Mount  Lyell  was  erected,  primarily,  for  the 
treatment  of  ore  from  the  Lyell  Comstock  mine.  Tliese  workings 
are  situated  over  a  mile  in  a  direct  line  north  of  the  North  Mount 
Lvell  mine,  and  are  connected  with  the  Reduction  AVorks  at 
Queenstown  by  a  2-ft.  gauge  steel  tramway  via  the  Queen  River 
valley — a  distance  of  7  miles. 

The  property  was  purchased  from  the  Mount  Lyell  Comstock 
Copper  Co.  in  1012.  After  the  disastrous  fire  in  the  North  Mount 
Lyell  mine  in  October,  P.)12,  steps  were  immediately  taken  to 
make  Lyell  Comstock  ore  available  for  treatment,  in  order  to 
relieve  distress  caused  by  any  prolonged  stoppage  of  work,  and 
subsequently  13,032  tons  of  ore,  averaging  3.38  %  copper,  0.28  oz. 
silver,  and  0.034  oz.  gold,  were  smelted. 

When  operations  were  resumed  at  the  North  Mount  Lyell  mine, 
it  was  evident  that  there  was  no  economic  advantage  in  smelting 
Lyell  Comstock  ore  as  compared  with  the  higher  value  North 
Mount  Lyell  ore.  which  wa<  also  a  better  flux  for  the  Mount 
Lyell  pyrites,  and  that  th<>  future  of  the  Lyell  CouLstock  ore 
depended  upon  cheap  mining  and  successful  concentration  of  the 
oie.  Therefore,  extensive  trenching  and  diamond-drilling  was 
carried  out,  and  a  sufficiently  large  quantity  of  ore  proved  avail- 
able for  chea])  extraction  by  open-cut  methods.  At  the  same 
t'unv  Inilk  tests  by  flotation  were  carried  out  at  the  Minerals 
Separation  testing  plant  in  Mell)ourne  on  different  classes  of  ore 
from  the  .Mount  Lyell-  Comstock  mine  proper,  followed  bv 
laboratory  tests  at  Queenstown  on  all  cla.sses  of  ore  available. 
All  these  tests  demonstrated  that  the  ore  was  amenable  to  the 
process,  provided  that  it  was  ground  fuiely  enough. 

Plant  erection  was  delayed  by  the  general  dislocation  of  business 
at  the  outbreak  of  wai,   liut    finally  it  Ixn^iine  j)<).ssible  to  secun* 

(ThiH    pip^r   in   HeparACely   boand,  and   may  be,   if   so   dciired.  detached   complete   from 
thin  numwT.l  D 
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all  the  neco.-^sarv  maoliinerv  in  Australia  and  to  import  motors. 
Treatment  operations  commenced  on  17th  February,  191G,  with 
all  the  success  anticipated,  and  have  since  contmued.. 

The  sulphides  in  the  Lvell  Comstock  ore  consist  of  chalco- 
pvrite  and  pvrites,  very  fmely  disseminated  through  a  grey 
schistv  ganguo.  at  times  very  decomposed.  Bands  of  hard 
quartzit€!  carrving  sulphides  also  traverse  the  ore-body. 

After  operations  were  well  established,  trial  parcels  of  North 
Lvell  silicious  ore  were  put  through  the  plant  with  such  success 
that  the  mining  department  made  arrangements  to  select  under- 
ground in  the  stopes  a  lower  grade  ore  than  the  usual  6  %  Cu 
smelting  ore,  to  supplement  the  Lyell  Comstock  milling  material, 
and  finallv  it  became  possible  to  start  a  pecond  shift. 

The  North  Lyell  ore  carries  bornite,  chalcopyrite,  and  pyrites 
in  a  silicious  gangue,  consisting  mainly  of  a  very  hard  quartzite 
and  some  schist. 

The  following  are  typical  analyses  of  the  respective  ores  :  — 

Lyell  North 

Comstock.  Mt.  Lyell. 

Cu,  %                  ••  ..2.6  3.5 

Ag,  oz.                 ..  ..  .23  .7 

Au,  oz.                 ..  ..  .02  .01 

SiOj,  %              ..  ..     46.0  66.0 

Fc,  %                  ..  ..11.5  8.0 

BaSOi,  %           ..  ..1.4  2.0 

AI2O3,  %            ..  ..     15.5  7.7 

For  the  year  ended  30th  September,  1911),  concentration  results 

were  as  follow  :—  ,,.^,„^  ^^^^  ^^^^          ^„^, 

Lyell  Comstock  ..  13595          2.18  .2               .028 

North  Mount  Lyell  ..  14873          4.74  .88             .008 

Total  ore..  ..  30468           3.43  .54             .018 

Concentrates  8622         10.95  1.47  .047 

Recovery   ..  —  90.41  77.79         72.41 

General  Design. 
The  plant  was  erected  on  the  old  No.  1  smelting  plant  site, 
which  was  convenient  for  labour,  transport,  repairs,  supervision,  etc., 
and  designed  U>  utilize  existing  facilities  to  the  fullest  advantage. 
These  were  mainly  the  old  bin  framework,  connected  witn  railway 
lines  on  the  main  sraclter-bin  level,  in  which  a  suitable  crude-ore 
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bin  existed,  railway  lines  on  the  smelter  tapping-floor  level,  40  ft. 
lower,  for  despatching  concentrates,  and  a  suitable  area  between, 
on  the  site  of  the  old  blast  furnaces,  for  the  main  building. 

The  finely  crystalline  character  of  the  sulphides  in  the  Lyell 
Comstock  ore  rendered  gravity  concentration  inapplicable,  and 
led  to  the  adoption  of  flotation  concentration  alone.  Mill  design 
was  thus  simplified. 

Plate  I.  shows  the  flow-sheet  with  details,  and  Plate  II.  the 
general  lay-out  of  plant  in  plan. 

Coarse-Crushing  Section. 

Ore  is  received  from  the  Lyell  Comstock  mine  in  self -discharging 
hoppered  trucks  of  10  tons  capacity  (159  cub.  ft.)  These  were 
constructed  locally.  Six  trucks  make  up  an  ore  rake,  which  is 
hauled  by  10-ton  Krauss  locomotives  of  GO  h.p.,  tractive  force 
6490  II3.  This  ore  is  received  on  three  days  per  week  at  the  rate 
of  120  tons  per  day. 

The  ore  from  the  North  Mount  Lyell  mine  is  drawn  in  IJ-ton 
trucks  from  bins  at  the  top  of  the  main  Mount  Lyell  haulage. 

All  ore  is  weighed  on  the  main  smelter  Pooley  75-ton  weigh- 
bridge. 

On  account  of  limited  bin  accommodation,  the  ores  are  in- 
adequately mixed,  and  consequently  treatment  has  to  be 
constantly  varied  as  required  by  the  different  classes  of  ore. 

The  crude  ore  bin  is  lined  with  discarded  manganese  steel 
crusher  jaw  faces,  and  the  only  attention  required  is  the  occasional 
renewal  of  steel  lining  plates  on  the  face  of  the  bm. 

An  old  Krupp  crusher  of  the  Blake  type  was  utiUzed,  with 
cast-iron  body  in  a  single  piece.  The  back  toggle  was  made  a 
shearing  toggle  with  twelve  1-in.  rivets.  Imported  Sheffield 
manganese  steel  jaw  faces  have  an  averajj^e  life  of  (3100  tons  of 
ore  crushed,  against  4500  tons  for  Australian  manganese  steel. 
The  latter  have  shown  large  variations  in  quality,  though  the 
manganese  contents  are  similar,  probably  indicating  irregularities 
in  the  heat-treatment.  The  crusher  is  driven  at  240  r.p.m.  l)y  a 
9-in.  camel-hair  ])elt,  and  set  to  crush  to  2  in.  A  fine  water  spray 
Is  provided  immediately  above  the  jaw  opening,  to  allay  dust. 

I.  '2 
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At  the  outset,  considerable  difficulty  was  experienced  in  wet 
weather  in  extracting  Lyell  (\^nistock  ore  from  the  crude  ore  bin 
on  acccnnit  of  its  "  puggy  "  nature,  its  moisture  at  times  reaching 
10  ^o-  i'lii*  ^^'^^  over-come  by  making  an  enlarged  door  opening, 
4  ft.  3  in.  long  by  1  ft.  9  in.  high,  with  a  radial  door  3  ft.  10  in. 
long,  and  sluicing  the  ore  in  the  bin  with  just  sufficient  water  to 
form  a  *'  slurry  "  of  tlie  fines.  The  coarse  ore  discharges  readily 
off  the  end  of  the  conveyer  into  No.  2  fine-ore  bin,  while  the 
"  slurry ''  adheres  to  the  conveyer  belt,  passes  roimd  the  delivery 
dnim,  and  is  scraped  off  into  a  launder  that  delivers  to  the  "  raff  " 
elevator.  It  is  thus  immediately  eliminated  and  treated.  The 
adoption  of  this  ''  wet  system  "  has  rendered  it  possible  to  handle 
this  class  of  ore  without  the  least  difficulty  or  loss  of  tonnage,  and 
is  an  important  factor  under  local  conditions. 

Fine-Crushing  Section. 

Ore  is  delivered  to  the  screens  from  the  fine-ore  bins,  which  are 
fitted  with  ratchet  doors,  by  means  of  corrugated  roller  feeders, 
and  the  undersize  is  thereby  eliminated  before  roll  crushing. 

The  screens  are  the  Broken  Hill  North  mine  type.  Perforated 
steel  plates,  either  7/64-in.  dia.  hole  by  .194-in.  centres  by  16  gauge, 
or  J -in.  dia.  hole  by  .22 -in.  centres  by  14  gauge,  are  used,  and 
have  an  average  life  of  2150  tons  of  crude  ore  screened.  Soluble 
coppor  from  the  open-cut  Lyell  Comstock  ore  at  times  materially 
reduces  the  life  of  the  screen  plates.  The  connecting  rods  are 
built  up  of  three  plies  of  4-in.  by  ^-in.  ash,  with  |-in.  plate  cover. 
The  screen  is  set  at  a  5°  slope,  and  half  of  the  screen  is  below  water- 
level.  The  power  required  is  about  2  h.p.  each.  Holes  are  bored 
in  the  screen  boxes,  so  that  sui'plus  water  overflows  into  the 
cast-iron  lined  chutes,  leading  to  tlm  rolls.  The  undersize  passes 
out  of  the  screen  box  through  a  I  j-in.  dia.  wooden  plug,  and  the 
disfliarge  a vo rages  25%  solids. 

Tlif  oversiz^^  pas.ses  through  the  rolls,  then  is  (elevated  by  the 
*'  raff "  elevator  back  t-o  tho  screens.  The  flanged  roll  is  belt- 
driven   by   11 -in.  camel-hair  Inciting,   and  the   plain   roll  is  gear- 
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driven  through  twin  wheels,  the  speed  being  24  r.p.ni.  Chrome 
steel  roll  shells  have  a  life  of  liOOO  tons  of  ore  crushed.  a<yainst 
5100  tons  for  carbon  steel  shells. 

The  screen  undersize  is  elevated  in  the  ''  fines  "  elevator  and 
passes  through  the  sampler  to  a  diaphragm  cone  classifier  and 
dewaterer  with  an  automatic  regulator,  as  illustrated  in  fi^;.   1. 

The  sliding  weight  requires  adjustment  for  the  two  ores,  greater 
leverage    being   necessary   for   that   of   North   Mount    Lvoll.     An 


Fic.  1. 

Diaimjka(;m    Conk 

'I^J 

Classikieu     with 

V 

Attomatic  Rkiu- 

^ 

LATOU. 

C  I  Plff 


arrow  attachment  in  a  jirominent  position  serves  to  indicate  the 
position  of  the  cast-iron  plug,  and  is  useful  in  detecting  irregu- 
larities, which  arc  very  rare,  as  the  regulation  Ls  almost  perfect. 
The  cone  discharge  averages  20%  moisture.  The  plugs  have  a 
life  of  four  months  and  the  suspension  rods  two  montlis. 


11^ 


L.  V.  WATKRHOUSK 


The  following  are  typical  grading  tests  on  the  cone  products  :  — 


I.M.M. 


Lysll  Comstock.  I 

Feed,      i    Spigot.    I  Overflow. 


NoRTK  Mount  Lyelt.. 


O' 

/o 


o/ 

/o 


o/ 

/o 


Feed. 

/o 


Spigot. 


Overflow. 


O' 


+  20 
+  10 
+  60 
+  90 
+  120 
+  ir)0 

-150 


47, 
14 

7, 
6 
5 
o 


14.8 


62.2 



63.6 

65.9 

12.6 

12.3 

15.0 

5.5 

— 

4.2 

5.8 

10.2 

— 

4.2 

4.5 

1.2 

2.5 

3.9 

2.8 

6.4 

3.8 

1.1 

.8 

1.9 

93.7 

10.7 

5.2 

.36 
1.1 
1.2 
97.34 


100.0    I  100.0    I  100.0    !  100.0       100.0     I  100.00 


Tube  Milling. 

On  account  of  the  limited  room  available  for  the  plant,  gear- 
driven  tul)e  mills  were  adopted.  These  are  driven  by  75  h.p. 
motors,  and  have  flexible  couplings  on  both  rotor  and  counter 
sliafts.  For  the  purpose  of  standardizuig  motor  speeds  generally 
on  the  works,  750  r.p.m.  motors  were  used,  but  this  high  pinion 
speed  cannot  l)e  reconnnended.  Fabroil  pinions  have  a  life  of 
about  five  months,  Init  better  results  are  obtained  witli  locally- 
made  phosphor-bronze  pinions,  run  in  an  oil  bath,  in  which  case 
phosphor-bronze  bearings  are  used  on  the  rotor  shaft.  The  mills 
am  run  in  both  directions  of  rotation,  thereby  extending  the  hfe 
of  pinions  and  inside  liners. 

Tlie  mills  an*  16  ft.  long  by  5  ft.  dia.,  with  a  hollow  trunnion 
Waring  on  tlie  feed  end,  and  a  forged  steel  tyre  2  ft.  9  5/16  in. 
dia.  running  on  cast-steel  rollers  on  the  discharge  end.  The  shell 
i.s  built  in  three  sections,  boltod  together  bv  means  of  heav}'^  angle 
iron-. 

The  liners  arc  local  liard  cast-iron  ribbed  liners,  and  have  a 
service  of  about  25,000  tons.  Tlie  wear  on  the  end  liners,  which 
are  al.so  ribl>ed,  is  mon;  severe,  and  these  arc  replaced  individu- 
ally as  required. 
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The  mills  are    equipped  with   scoop    feeders    with  a    radius  of 
12|  in.,  and  through  these  the  daily  pebble  charge  is  fed.     Owing 
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to  tlio  irromilaritv  in  supply  and  ([uality,  and  also  the  high  cost 
of  liint  pohbles,  Tasnianian  cpiaitzite  pebbles  are  now  used. 
These  average  2.^  in.  to  4  in.  in  size,  and  the  consumption  amounts 
to  1 1   U).  per  ton  of  ore. 

Fig.  2  shows  the  general  arrangement  of  a  tube  mill. 

The  following  grading  tests  exemplify  the  work  of  the  tube 
mills  : — 


>:esh 
I.M.M. 

Lyell  Cc 

Feed. 
% 

►MSTOCK. 

North  Mount  Lyell. 

IMscharge. 
%          . 

P'ecd. 

o/ 

/O 

Discharge. 

% 

+   20 

62.2 



65.9 

+   40 

12.6 

2.1 

15.0 

2.4 

+   60 

5.5     ' 

6.2 

5.8 

6.9 

-K    t]0 

10.2 

15.4 

4.5 

13.0 

+  120 

1.2 

8.7 

2.8 

8.1 

-H  l.OO 

6.4 

3.1 

0.8 

5.1 

-150 

1.9 

64.5 

5.2 

64.5 

1 

100.0 

100.0 

100.0 

100.0 

The  moisture  averages  26  % — i.e.,  that  of  the  cone  spigot 
produet ;  and  the  temperature  rise  is  18° — from  56°  F.  to  74°  F. 

Dorr  Thickeners. 

Two  Dorr  thickeners  take  the  overflow  from  the  diaphragm 
cone  classifier,  and  are  of  the  standard  design  for  20  ft.  dia.  tanks. 
No  overload  alarm  is  u.sed,  and  an  examination  of  the  spring  at 
starting  is  all  that  is  necessary.  Th(i  speed  is  J  r.p.m.,  and  the 
discharge  averages  40.0%  solids. 

The  tanks  are  of  steel  construction,  with  3/16  in.  plate  shell 
and  J -in.  plate  l)Qttom.  (Jate  valves  on  a  4-in.  discharge  pipe 
regulate  the  discharge. 

The  feed  i«  laundered  into  a  wooden  box,  2  ft.  square  by  1  ft. 
deep,  with  a  central  ])ipe  S  in.  dia.,  that  extends  12  in.  below  the 
surface,  covered  by  a  screen  to  collect  chips,  etc.  A  diving  ring, 
.'50  in.  dia.  by  48  in.  deep,  of  1/16-in.  plate,  concentrically  sur- 
rounds this  pipe  and  prevents  any  surface  eddies. 
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Flotation  Section. 

The  tube  mill  and  tliickcner  discharge  join  in  the  boot  of  the 
"feed  elevator,"  which  delivers  to  a  balance  cone.  '2  ft.  G  in.  dia. 
by  3  ft.  ()  in.  deep,  at  the  head  of  the  flotation  boxes.  Pebble 
fragments  that  escape  the  discharge  grating  of  the  tube  mills 
are  caught  on  a  screen  at  the  elevator  boot. 

The  main  flotation  unit  is  of  the  standard  Minerals  Separation 
type,  and  contains  12  agitation  and  spitz  boxes.  The  agitation 
boxes  are  2  ft.  *3  in.  square  by  3  ft.  10  in.  deep,  and  have  cast-iron 
liners.  The  stirrers  are  4-bladed.  !'.»  in.  dia.,  revolving  at  .'320 
r.p.m.,  driven  by  a  \  twist  drive  of  4-in.  by  -i-ply  Balata  ])elt, 
and  the  2-in.  shafts  are  equipped  with  S.K.F.  radial  and  thrust 
ball  races.  The  line  shaft,  which  is  4  in.  dia.,  is  equipped  with 
five  S.K.F.  ball  races  and  driven  by  a  75  h.p.  motor  with  14-in. 
camel-hair  belting.  Two-bladed  paddles,  revolving  at  19  r.p.m..  are 
provided  for  skimming  off  the  float  at  the  lip  of  the  spitz  boxes. 

The  addition  of  frothing  media  is  made  to  the  tube  mill  feed, 
witli  such  additions  as  may  be  necessary  at  the  flotation  boxes, 
generally  only  at  starting  up,  until  the  thickener  flow  is  normal 
and  regular  conditions  are  obtained.  A  mixture  of  one  part  of 
eucalyptus  oil  to  two  ]^arts  of  coal  tar  is  fed  by  a  disc  feeder  to 
the  diaphragm  cone  discharge  before  being  split  between  the 
two  mills,  and  eucalyptus  oil  to  each  tube  mill  through  {-in.  pet 
cocks  from  pipes  connected  to  a  supply  tank.  The  tar  consump- 
tion is  .1  lb.  and  the  eucalyptus  oil  .S  lb.  per  ton  of  ore. 

Compressed  air  is  introduced  immediately  under  No.  1  stirrer 
in  limited  (piantity,  and  tends  to  produce  a  crisper  float  on  the 
first  boxes. 

The  float  from  the  last  four  spitz  boxes  is  returned  as  a  middling 
to  the  feed  elevator. 

The  dilution  of  the  flotation  boxes  is  maintained  at  about  -IJ 
to  1.  On  account  of  the  difliculty  in  settlement  of  the  slimed 
gangue  of  the  J^vell  Comstock  ore  and  its  tendency  to  "sicken'* 
the  float  and  lower  the  grade  of  concentrates,  the  flotation  section 
is  arranged  in  open  circuit — i.e.^  there  Is  no  return  tailings  wat«r. 
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Sulphuric  acid  is  not  found  to  be  necessary  in  the  treatment,, 
although  indicated  in  the  experimental  investigation  of  North 
Mount  Lvell  ore.  The  improvement  in  grade  of  concentrates  by 
the  use  of  acid  is  offset  by  a  drop  in  recoveries. 

The  flotation  solutions  are  not  lieated,  but  conditions  improve 
with  rise  in  temperature.  The  temperature  of  solution  varies 
from  41^  F.  in  winter  to  IV  F.  in  summer. 

As  the  height  of  the  discharge  from  the  flotation  boxes  above 
the  tailings  launder  was  sufficient  to  place  a  single  cascade  box, 
a    unit,  as  sho\\ii    in    cross  section  in  fig.   3,  was    subsequently 
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inHtalle.d.     This  box  acts  jis  a  tailings  scavenger  and  returns  some- 
pyritc    a«    a    middling,  and  at  tlu;    same  time  is  a  guide  in  the 
opi'.ration  of  the  flotation   boxes,  as  it  indi(;ates  changes  in  dilu- 
tion and  irn-gularities  in  the  float. 

A  .'^eparato  flotation  unit,  the  subject  of  Australian  Patent 
No.  2:5.>V1(),  by  the  author,  was  installed  to  re-tn^at  the  con- 
centrators   from    the    Minerals    Separation    flotation     boxes.       It- 
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consists  in  forcing  atomized  air  into  the  oiled  pulp,  in  a  launder- 
shaped  box,  by  means  of  high -pressure  water  through  an  ejector. 
Plate  III.  shows  the  arrangement  of  a  three-jet  unit. 

Water  at  80  lb.  pressure,  through  a  3/16  in.  jet  in  the  ejector, 
is  used.  Excellent  results  have  also  been  obtained  on  crude  ore 
pulp,  as  well  as  in  re -treatment  of  concentrates.  The  quantity 
of  water  returning  with  the  middling  from  this  unit,  in  addition 
to  returns  from  the  main  boxes,  filter,  and  cascade  cleaner,  pro- 
duces an  excessive  circulation,  and  since  the  introduction  of  the 
cascade  cleaner  this  re -treatment  miit  has  not  been  in  constant 
operation,  although  conditions  in  the  main  boxes  were  improved 
by  the  addition  of  the  emulsified  solution. 

The  same  type  of  water-pressure  ejectors  is  used  to  pump  out 
the  overflow  pits,  adjoining  the  elevator  boots. 

The  following  grading  test  on  flotation  products  was  made  on 
mainly  North  Mount  Lyell  ore  : — 


Mesh 

Wt. 

Cu 

Fe 

Insols. 

Recovery 

I.M.M. 

% 

O' 

/o 

% 

% 

%  Cu. 

Feed- 

+  40 

4.72 

1.8 

6.4 

-1-   60 

10.14  1 

2.17 

8.3 

+  90 

15.36 

2.35 

9.2 

+  120 

9.23 

2.45 

9.8 

+  150 

4.11 

2.9 

10.1 

-150 

56.44 

3.12 

8.7 

Bulk 

100.00 

2.77 

8.78 

Concentrates — 

+   40 

1.17 

8.25 

26.6 

37.3 

56.1 

• 

+   60 

6.47 

7.5 

25.2 

36.8 

75.9 

+   90 

11.7 

8.1 

26.0 

32.2 

81.4 

+  120 

8.46 

8.6 

28.6 

28.6 

91.1 

+  150 

5.08 

9.3 

29.8 

24.1 

96.8 

-150 

67.12 

10.9 

24.8 

32.0 

95.2 

Bulk 

100.00 

10.01 

25.5 

34.6 

90.9 

Tailings — 

+   40 

6.4 

.9 

3.8 

+   60 

10.6 

.68 

2.5 

+   90 

14.8 

.45 

1.6 

+  120 

4.5 

.3 

1.25 

+  150 

4.0 

.28 

1.25 

-150 

59.7 

.21 

1.79 

. 

Bulk 

100.0 

.34 

1.89 
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Filtering  Concentrates. 

Tliree  stoel  draining  tanks,  oO  ft.  dia.  by  8  ft.  deep,  with  the 
usual  tiltor  bottom,  consisting  of  a  grating  covered  with  hessian 
and  t'ocoanut  matting,  wore  originally  provided,  also  a  wet 
vacuum  pump.  Froth  rings  and  overflow  launders  were  attached. 
After  one  week's  drainage  the  moisture  averages  15  %. 

Subsequently  an  Ohver  continuous-revolving  drum  filter,  8  ft. 
dia.  by  8  ft.  long,  having  a  filter  area  of  200  sq.  ft.,  was  installed, 
and  has  given  excellent  service.  Concentrates  are  elevated  to 
the  filter  direct  from  the  M.S.  boxes  without  any  thickening,  and 
average  52  ^o  nioisture.  The  drum  revolves  one  revolution  in 
eight  minutes,  and  the  cake  produced  varies  from  }  in.  to  2  in. 
in   thickness,  and  contains   11.5%  moisture. 

The  following  test  indicates  the  work  of  the  filter  : — 

•H.,()  in  feed  ..  ..     52.0%. 

HoO  in  cake  ..  ..      11.5%. 

Vacuum  . .  . .  . .     22  in. 

Estimated  capacity  . .     GOO  lb.  per  sq.  ft.  per  24  hours 


Grading. 

Mesh 
LM.M. 

wt. 

% 

Cu 

o/ 

/O 

re 

o/ 

/O 

SiO.. 

0/ 

/o 

A1,0<> 

%  ■ 

+   60 

6.4 

14.85 

23.0 

26.0 

.6 

-1-   90 

8.6 

9.45 

26.5 

27.4 

1.2 

+  120 

7.5 

10.9 

27.0 

22.6 

3.9 

+  150 

6.3 

11.7 

27.2 

21.6 

4.6 

-150 

71.2 

9.. 55 

23.9 

21.0 

6.5 

Bulk 

UXJ.O 

10.11             24.5 

i 

22.0 

5.35 

The  depth  of  pulp  varies  with  the  working  of  the  filter,  and 
8ubmcrge«  the  drum  up  to  :)  ft.  0  in.,  lower  levels  yielding  a  drier 
cako  and  higher  levels  greater  capacity. 

No  steam  raising  of  the  temperature  of  pulp  has  been  tried, 
but  the  exf)erience  r>f  others  is  that  it  yields  a  drier  cake  and 
increases  capacity. 
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The  drum  is  wound,  over  the  canvas,  with  14 -gauge  copper-clad 
steel  wire,  the  turns  being  about  ^  iii-  apart.  It  takes  about 
IG  hours  to  re-canvas  and  re -wire  the  drum.  The  canvas  lasts 
about  eight  months,  and  the  hessian  under  the  canvas  two 
years.  One  recent  canvas  handled  ol-'u  tons  concentrates. 
The  canvas  is  occasionally  hosed  and  scrubbed.  The  scraper 
requires  particular  attention,  and  is  periodically  filed,  reversed, 
or   renewed. 

The  air-lifts  and  emergency  air-agitation  pipes  were  not 
found  satisfactory,  .and  were  discarded.  The  speed  of  the 
mechanical  agitators  was  increased  to  74  i.p.m.  The  original 
agitator  shaft  consisted  of  a  heavy  3-in.  pipe  flanged  to 
stub  shafts  on  each  end.  Tt  was  soon  found  necessary  to 
use  a  solid  3-in.  shaft.  AViought-iron  paddles  spaced  1^  in. 
apart,  and  alternatively  light  and  left  hand  to  avoid  thruet, 
have  been  used,  but,  on  account  of  the  presence  of  copper  in 
solution,  cast-iron  paddles  are  now  being  tried. 

The  attendant  on  the  flotation  boxes  also  operates  the  filter, 
which  requires  a  minimum  of  attention. 

The  filter  delivers  the  concentrates  on  to  an  18-in.  inclined 
conveyer,  that   in  turn  delivers  to  concentrates  bins. 

Concentrates  are  loaded  into  f-yd.  Bochum  trucks,  and  drawn 
to  the  smelters,  distant  al)out  2(M)  vds..  bv  jiorse. 

Sa.mpling. 

The  feed  sample  is  taken  in  the  tine-crushing  section 
by  a  sampler  developed  on  the  Broken  Hill  South  mine, 
consisting  of  two  inverted  hollow  cones,  rotating  on  the 
same  axis  in  opposite  directions  at  (lifT<'rent  speeds,  and 
having  knife-edge  cuts  through  them  at  different  radii  from  the 
above  axis. 

Grab  samples  are  taken  of  concentrates  and  tailings  at  regular 
intervals  for  daily  records. 

Filti'red  concentrates  an^  officially  sampled  as  despatched  to 
the  smelters  by  means  of  cheese  samplers. 
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Pulp  samples  are  reduced  in  a  very  useful  and  accurate  sample 
reducer,  as  shown  in  fig.  4.  The  reducer  is  made  in  three  part* 
for  the  purpose  of  cleaning  and  inspection. 

On  account  of  tlie  difficulty  in  settlement  of  slime  and  the 
distance  of  the  assay  office  from  the  plant,  filters  for  samples 
were  devised,  and  have  proved  very  useful.  Fig.  5  shows 
the    arrangement    and    general    details. 

P]  LEVATORS. 

Elevators  are  framed  of  G-in.  by  3-in.  Oregon  with  6-in.  by 
J-in.  pine  lining.  The  width  between  lining  is  2  ft.  2  in., 
and  the  depth  6  ft.  All  top  and  bottom  drums  are  36  in.  dia. 
bv  15  -n.  face  bv  5''1<)  in.  cro^vn  bv  4  in.  shaft,  with  riufi: 
oil-bearings  on  top  and  solid  bearings  with  brass  bushes  on 
the  bottom. 

All  belts  are  12-in.  by  i^-ply  Balata,  and  driving  belts  6-in.  by 
6-ply  Balata.  Buckets  are  riveted  mild-steel  plate,  weigh  7^  lb., 
and  have   190  cub.  in.  capacity. 

Sand  guards  are  provided  on  the  bottom  shaft,  deflecting  saddle 
above  the  drum  at  45^,  carrying  rubber  scrapers,  and  adjustable 
lips  at  the  discharge.  The  centre  of  the  top  drum  is  3  ft.  U  in. 
above  the  discharge  lip,  which  gives  a  satisfactory  delivery  at 
the  speeds  employed. 

The  feed  and  concentrates  elevator  belts  have  been  running  for 
four  years  ^^'ithout  renewal.  The  crude  elevator  belt  has  the 
most  severe  duty,  and  lasts  aljout  3.'3  weeks,  or  23,000  tons,  against 
58,000  tons  for  the  raff  elevator,  and  44,000  tons  for  the  fines 
elevator. 

Tailinhs  Dlsposal. 

The  tailings  are  run  into  a  dam  built  on  top  of  the  old 
granulated  slag  dump.  There  is  little  bond  in  the  tailings,  and 
so  far  the  walls  have  been  built  of  discarded  coke  bags  filled 
with  tailings. 

Towers  to  take  the  overflow  are  sj)a('cd  alxnit  \~)  ft.  apart,  a  few 
feet  inside  the  wall,  and  coimected  to  laundere  that  discharge  into 
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the  creek.  The  towers  are  10  in.  by  10  in.  inside  dimensions, 
and  have  2-in.  staggered  holes,  which  are  blocked  up  as  the  dam 
is  desired  to  be  raised. 

Power. 

Power  is  generated  at  the  Lake  Margaret  power  station  at 
6600  volts,  transformed  to  3300  volts  at  the  main  sub-station,  and 
delivered  to  the  plant  transformer  station.  This  contains  two 
banks  of  transformers,  each  bank  consisting  of  three  single -phase 
75  kw.  33(X)  V.  to  550  v.,  delta  connected,  Westinghouse  oil- 
cooled  shell -tvpe  transformers. 

There  is  also  a  20  kw.  Weymouth  550  v.  to  220  v.  and  110  v. 
transformer  for  heating  and  lighting. 

The  current  for  the  magnet  on  the  crude -ore  conveyer  is  pro- 
vided by  the  500  v.  D.C.  motor  generator  set  at  the  main  sub- 
station, and  is  cut  down  to  250  v.  on  the  magnet  by  series  resist- 
ances.    The  magnet  takes  about  1.2  amps. 

The  total  power  consumption  averages  27.4  kw.  hr.  per  tx)n 
of   ore   treated. 

Labour. 

The  following  is  the  labour  apportionment  : — 


Day 

'  Afternoon 

Shift. 

Shift. 

Foreman. 

Shift  l^oss. 

Crusher  hand     . . 

.. 

1 

1 

Ore  Bins,  Conveyer,  and  Offsit 

er  to 

crusher 

hand 

. . 

1 

1 

Rolls,  Screens,  Feeders    . . 

1 

Cone,  Tube  Mills,  Thickeners 

.  . 

1 

Sampler 

. . 

1 

Spitzman,  Filter 

. . 

1 

Oiler 

, , 

1 

Bov      .  . 

1 

Leading  hand     . . 

• 

Loading     concentrates      and 

attending 

to 

tailings  dam 

2 

L 
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Day  aiul  aftornooii  shifts  are  woiked,  witli  llie  exception  that 
no  afternoon  shift  is  worked  on  Satnrday,  which  is  replaced  by  a 
shift  on  Friihiv  niijht.  This  arranjijenient  involves  a  qnick  shift 
each  week  for  all  men  wlio  change  shift,  but  the  men  appreciate 
the  Satnrdav  evening  free   from   work. 

("OSTS. 

The  following  is  an  approximate  dissection  of  operative  costs, 
excluding  rovaltv.  for  tlic  vear  IIHI)  :  — 


Coarse  crushing 

Fine  crushiua; 

Tube  milling 

Thickening 

Flotation 

Tailings  disposal     . . 

Sampling 

Power 

As.savnng 

General  (supervision,  testing,  &c.) 

Handling  concentrates 

Total 


s. 

d. 

0 

Hi 

1 

3i 

1 

2 

0 

li 

1 

4 

0 

Oh 

0 

4i 

0 

4 

0 

10 

0 

8^ 

0 

9 

7     11 


Treatment  of  Concentrates. 

Tlic  concentrates  are  sintered  in  a  Dwight-Lloyd  machine,  and 
the  product  goes  to  the  blast  furnaces.  A  nodulizing  kiln,  fired 
witli  pulverized  coal,  has  also  been  erected,  but  not  yet  put  into 
operation  on  account  of  shortage  of  coal. 

The  following  is  the  main  data  of  the  Dwight-Lloyd  machine  :  — 

Grate  area  3(X)  in.  x  30  in. 

Grate  speed         ..  If)  in.  |)er  min. 

Vacuum  in  suction  boxes       12  in.  water. 

Ignition     .  .  Woofl,  burned  in  standard  igTiition  box 

Fan   maker  .b)h!is  \V}iy«iOod. 

Imf>eller   .  .  .  .      Tj  ft.  (t  in.  diam.,  9(X)  r.p.m. 

W.V 50. 

Intake 1  ft.  x  4  ft. 

Outlet :j  ft.  I  in.  x  2  ft    1  in. 
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The  charge  averages  60  %  concentrates,  .*30  ^/q  blast -furnace 
flue  dust,  and  10%  ore  screenings,  and  contains  11  %  moisture. 

The  sulphur  contents  of  the  charge  average  11>  %  and  the  sinter 
6  %.     The  capacity  is  50  to  55  tons  of  the  mixture  per  24  hours. 

Conclusion. 

The  object  of  this  paper  is  to  present  practical  working  details, 
without  any  attempt  to  discuss  theories,  of  a  small  plant  that  has 
been  entirely  successful. 

The  author  is  indebted  to  the  management  of  the  Mount  Lyell 
Mining  and  Railway  Co.  Ltd.  for  permission  to  publish  data. 
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TREATMENT  OF  HARD  WATER  FOR  FURNACE  JAr'KETS. 

By  a.  S.   Armstrong. 

At  Broken  Hill.  Northern  Rhode.sia.  two  water  jacket  lead 
furnaces  have  been  m  operation  for  tlie  past  three  years.  The 
furnaces  were  erected  in  war  time,  and  only  absolute  essentials 
were  procurable. 

The  water  for  the  jackets  was  obtained  from  wells  adjacent  to 
the  works,  in  a  dolomite  formation,  and  this  water  contained 
CaCO,         ...  ...  1.").4  parts  per  1 00.000 

MgCO,        ...  ...         i:i.r>      .. 

There  bein<;  no  water-softening  plant,  except  a  small  one 
capable  of  treating  water  for  tlic  power  plant  only,  this  wat<.^r 
was  found  to  make  a  heavy  scale  in  the  jacket. 

During  11)17  several  jackets  were  burnt  through,  resulting  in 
serious  trouble  and  loss  of  output. 

In  order  to  avoid  this,  furnaces  were  stopped  twice  a  month 
for  ^^  hours  and  scale  was  removed  as  far  as  possible. 

Tn  addition  to  the  scale  trouble  during  the  summei-  months,  a 
green  slime  grew  in  the  su])])ly  tanks  and  occasionally  became 
detac]i»Ml  from  the  tank  and  collected  in  the  cocks  near  the 
jar-kets.  This  caused  risk  to  the  jackets  and  was  difHcult  to 
remove  without  a  stoppage  of  the  furnace. 

fn  I'.'IS.  bundles  of  wattle  baik  were  placed  in  the  hot  well 
at  the  rate  of  one  ton  per  month.  These  extracted  tlie  tannin 
and  ad(h'd  from  0.5  to  one  part  of  tannin  per  100,(KX)  to  the 
circulating  water.  The  hot  water  was  cooled  over  a  brushwood 
cooling  tower  and  returned  to  the  supplv  tanks.  The  well 
watei  HMjuired  to  make  up  the  wastage  was  estinnited  at  K^OitK) 
gal.    per-  (lav. 

[ThiH  p«i>«r  U   Mcpnriitely   boiiiitl.  nixl    tnay    bo.  if   no   i1pi>ireil.  drtarlipii   ('om|il<-te    from 

thin  miniJ»iT. ' 


1-^'        A.  S    AIlMsri;«.N(;  (»N  IIAJI*  WAIIK  I'(M;  i  TK  NA('K  J  A  (Mv  ITS. 

During  \hv  past  two  years,  since  tlie  wattle  l>ark  has  Ihhmi  in 
use,  no  jackets  \ia,\o  heen  burnt.  Stoppages  liave  been  reduced 
fn>ni  1()  hours  per  niontli  to  1  hours  per  inontli.  Any  scale  which 
forms  is  of  such  a  pon>us  nature  that  it  is  easily  removed. 

During  the  sununer  niontks  the  green  slime  does  not  grow. 

The  cost  of  wattle  bark  at  Broken  Hill,  Northern  Rhodesia, 
IS  £7  per  ton.  The  advantages  gained  by  its  use  are  iH{ual  to 
what  might  be  expected  from  an  expensive  water-softening  plant, 
and  the  op<» rating  and  upkeep  of  such  a  pla.nt  are  avoided. 


Proceedings  A  us.  I.M.M.] 
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TXTRODUCTION. 

(rt.)  Genend. — The  following  thesLs  is  an  outcome  of  an  investi- 
gation undertaken  by  the  writer,  at  the  suggestion  of  Professor 
Skeats,  of  the  dykes  and  associated  auriferoiLs  reefs  of  the 
Walhalla-Wood's  Point  belt,  with  the  view  of  determining  what 
relation,  if  any,  existed  between  the  [)etrological  nature  and  the 
extent  of  metasomatic  alteration  undergone  by  the  dykes,  and  the 
genesis  and  localization  of  the  gold. 

Although  the  greater  part  of  the  writer's  time  in  the  field  and 
laboratory  was  occupied  in  studying  the  dykes  and  auriferous 
occurrences,  a  study  was  also  made  of  the  general  geology  as  a 
basis  for  the  special  investigation.  In  addition,  it  soon  became 
evident  in  the  field  that  secondary  enrichment  had  played  a 
marked  part  in  re -concentrating  the  gold,  and  some  interesting 
data  in  this  connection  have  been  collected.  For  example, 
indubitable  evidence  has  been  found  of  nugfjets  of  gold  having 
been  formed  by  secondary  processes. 

In  the  writer's  jounieyings  in  the  field  the  excellent  topographical 
and  geological  maps  by  Messrs.  W.  Barag\vanath  and  0.  A.  L. 
Wliitelaw  have  been  of  invaluable  assistance.  One  must  travel 
through  th(»  ranges  to  appreciate  fully  the  dilhculties  of  topo- 
graphy and  undergrowth  and  the  lack  of  comfort  under  which 
these  gentlemen  worked  in  producing  such  accurate  results. 

A  2 
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X.  II.  .TrXNEPv 


The  completion  of  this  research,  which  was  started  in  1912, 
has  been  retarded  by  the  writer's  absence  on  military  duties 
during  the  period  September,   1014,  to  July,  1919. 

(/>.)  SituatioK. — The  area  dealt  with  in  this  paper  is  the  belt 
of  country  about  12  miles  wide  extending  from  Walhalla  in  the 
south  to  Jamieson  at  the  northern  end,  and  includes  the  one-time 
important  gold-fields  of  Walhalla,  Toombon,  Donnelly's  Creek, 
Al.>erfeldv,  Jericho.  Matlock,  AVood's  Point,  Gaffney's  Creek,  Ten- 
-Mile,  and  Enoch's  Pohit.  The  total  area  embraced  is  about  600 
sq.  miles. 

(r.)  History  of  Gold  Miniiig,  <&c. — Most  of  the  gold-fields  of 
this  belt  were  discovered  between  1860  and  1804,  and  mining 
flourished  between  these  dates  and  1875.  From  this  time 
onwards  the  usual  fluctuating  periods  of  activity  and  depression 
were  the  rule,  until  at  the  present  day  the  hidustry  is  in  a  very 
decadent  state. 

The  largest  yields  came  from  the  famous  Cohen's  line  of  reef 
at  Walhalla.  It  has  been  worked  to  a  depth  of  3375  ft.  vertically, 
and  has  yiekled  approximately  1,478,000  oz.  of  gold  and  paid 
£2,378.290  in  dividends,  of  which  total  £1,283,400  were  paid  by 
the  Long  Tunnel  mine  and  £788,040  by  the  Long  Tunnel  Extended. 

Of  the  other  mines  in  this  belt,  the  largest  producers  have  been 
the  Morning  Star,  Al,  All  Nations,  New  Loch  Fyne,  and  the  Rose 
of   Denmark. 

Approximate  total  yields  fi-om  these  mines  are  given  below, 
viz. : — 


Name. 

Gold. 

Depth. 

Morning  Star 

£1,040,000 

0-400  ft. 

All  Nations 

132,(XX)  oz. 

0-450  ft. 

AI            

£5fX),0(X) 

0-1200  ft. 

New  Loch  Fyne 

1(X),CXX)  oz. 

0-700  ft. 

Rose  of  Denmark 

50,000  oz. 

0-1300  ft. 
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PART    I.— PHYSIOGRAPHY,    GENERAL     GE(3L0GY,    AND 

PETROLOGY. 

1 .  — Physiography. 

Tho  region  described  in  this  paper  is  characterized  by  marked 
relief — more  than  2000  ft.  near  AVood's  Point — and  a  youthful 
topography.  Narrow  valleys  deeply  indented  in  the  Silurian  and 
Ordovician  Ix^d-rocks  are  the  rule. 

The  divides  have  a  markedly  level-topped  character,  suggesting 
a  one-time  plateau  now  highly  dissected.  The  general  slope  of 
this  plateau  appears  to  have  been  to  the  south,  as  is  evidenced 
from  the  following  heights  of  certain  Older  Basalt  and  sedi- 
mentaiy  residuals  : — 


Older  Basalt  Residuals. 

! 

i 

Sedimentary  Residuals. 

ft. 

ft. 

Mt.  Biiller 

. . 

5911 

Mt.  Timbertop     . . 

4500 

Connor's  Plains   . . 

. . 

4340 

Mt.  Terrible 

4000 

Mt.  Useful 

, . 

4720 

Main  Divide         . .          av. 

4000 

Aberfeldy 

app. 

3600 

i     Aberfeldy              . .        app. 

3600 

Moondarra,  Walhalla 

app. 

2000 

!     Walhalla  (Black  Diamond 

1        Hill)        

2080 

The  northern  limit  of  this  plateau  was  possibly  the  Mansfield 
sunk  land  of  Feimer  (No.  15,  p.  394).* 

The  Mam  Divide  pursues  a  meandrine  course  in  a  general  east 
and  west  direction  through  the  centre  of  the  belt.  Its  present 
|)osition  appears  to  have  been  determined  by  the  greater  activity 
of  the  north-flowing  streams — namely,  the  Goulburn  and  Big 
Rivers — and  it  proba])Iy  was  at  one  time  much  further  to  the 
north,  as  HUggested  by  Dr.  Griffith  Taylor  (No.  47). 

Throughout  a  vcr\'  close  relationshi))  exists  between  stream- 
dire^'tions  and  the  grain  of  the,  c^>untry.  Th<^  following  very 
important  rivers  which  drain  this  belt — namely,  tlic  (jioulburn, 
Thomson,  Al>erfeldy,  and  Big  Rivers — run  ])aralU'l  to  the  strike 
of  the  Silurian  and  Ordovician  sediments  for  long  distances,  and 
their  main  tributaries  pursue  courses  at  right-angk^s  to  tho  strike. 

•  The  figures  in  brackntB  throughout  this  jiapcr  refer  to  tho  list  of  publica- 
tions Hhown  on  pp.  2.'>3-2.'i<i 
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Fig.  1  illustrates  in  a  striking  manner  \hk  relationship  between 
stream -directions  and  structural  lines,  strike,  and  jointing  ("  trellis 


dramago  "   of  Brigliani).       in  general  the  streams  follow  closely 
th(^  iinticlinal  axes,  anrl  tlu'  »livi(lo<  and  spurs  tlie  svnclines. 
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RtMunants  of  a  former 'river-system  are  preserved  iii  the  form 
of  (.'oai-se  gravels,  sands,  and  silicified  conglomerate  beneatli 
residuals  of  Older  Basalt  in  certain  parts  of  this  region.  Good 
examples  of  those  gravels  can  be  seen  at  numerous  places  beneath 
the  basalt  patches  on  the  divide  between  the  Thomson  and  Aber- 
fokty  RivtMs  from  Abcrhddy  as  far  north  as  Beardmore's.  There 
is  r.  soutlurly  fall  in  the  level  of  these  gravels  of  nearly  50()  ft. 
in  the  ten  miles  between  these  places.  They  appear  to  be  relics 
of  a  stream  flowing  in  a  general  southerly  direction,  which  was 
buried  by  lava-flows  from  Aberfeldy,  wjiere,  the  writer  is  informed 
by  W.  Baragwanath.  tlie  basalt  is  nearly  1(X)0  ft.  thick. 

2. — General  Geology. 
a. — sedimentary  rocks. 

(1)  General. — The  AVallialla- Wood's  Point  auriferous  belt  con- 
sists chiefly  of  a  thick  series  of  sediments  of  Silurian  age. 

Flanking  these  rocks  on  either  side  in  the  vicinity  of  the  main 
divide  are  beds  of  Upper  Ordovician  age. 

The  relationship  between  th(^  latter  beds  and  the  Silurian  strata 
is  not  clear.  According  to  E.  J.  Dmni  (No.  12,  p.  8),  "  the  junction 
of  the  Silurian  and  Ordovician  systems  near  the  Royal  Standard 
mme  Ls  very  clearly  marked  with  a  distinct  unconformity." 
However,  no  fossils  have  yet  been  found  in  this  vicinity  to  indicate 
the  ])resenc(5  of  beds  of  Upper  ()rdovi(;ian  age. 

In  the  Yarra  track  section,  jiorth-west  of  Matlock,  no  struc- 
tural break  is  evident  between  the  two  formations.  The  Upper 
Ordovician  l>eds  have  a  similar  trend  to  the  Silurian,  and, 
although  they  are  mon;  cleaved,  they  do  not  a])pear  to  be  any 
more  intensely  folded  tlian  the  latter  beds. 

In  the  Jordan  River  section  above  Jericho,  as  pointed  out  by 
Mr.  O.  A.  \j.  Whitelaw,  th(;  basal  gritty  sandstones  and  (con- 
glomerate of  the  W'allialla  beds  rcjst  directly  on  the  liighly 
fossiliferous  Lpper  Ordovician  beds,  while  further  south,  near 
Mount  Easton,  shales  and  slaters  containing  Monograptns  intervene- 
between  these   beds. 

(2)  U/)j)('r  Ordovician.- ^Uiit A  of  this  age  appear  in  the  cores 
of  domed  geanticline.s  near  Mount  Easton,  Matlock,  and  the  Big 
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River  on  the  western  ilaiik  of  the.  bolt,  and  near  the  Black  Hiv»'r 
on  th(^  east^i'n  silc.  Lithologically,  these  })eds  consist  for  tlic 
most  pait  of  l)lack  and  grey  thin-bcddcd  slates  and  shales,  with 
occasional  thin  bands  of  soft  white  and  dense  black  sandstone. 
Certain  loose-textured  noduLir  l^eds  of  low  specific  graxitv.  with 
included  lapilli  of  andesitic  material,  occur  on  the  south-western 
flank  of  Mount  Easton.  They  appear  to  be  contrmporajicoiLS 
tufFs. 

The  Upper  Ordovician  in  places  has  yielded  a  rich  i^raptolite 
fauna.  AV.  Baragwanath's  fine  collection  from  the  Mount  V^aston 
area  has  been  described  by  the  late  Dr.  T.  S.  Hall  (No.  20,  p.  26(5). 

Tlie  fauna  corresponds  closely  with  that  of  the  Upper  Glenkiln 
and  Lowei-  Ilartfoll  bids — close  to  basal  Bala — of  the  P'nglish 
nomenclature. 

(.'>)  Silurian.  —Beds  of  Silurian  age  cover  the  whole  of  the 
central  auriferous  area  of  the  belt.  Their  general  order  of  suc- 
cession is  rs   follows  : — 

Yeringian        jWalhalla  beds. 
(Upp<'r  Silurian)  I  Panenka  beds. 

j  Monograptus  beds. 

M(;lbourniau  '  Black  and  grey  mudstones  and  sandstones  of 
(lyjwer  Silurian) ;      Thomson  aiul  Big  Rivers, 

'Ston*  Point-Mount  Useful  bids. 

(a.)  WalJtftUa  Z^^c/.s.— -These  beds  occupy  the  central  geosyn- 
'•iinal  area  between  the  eastern  and  western  basal  grits  sliown 
on  the  sketch  map,    Plat<^    I. 

I'hcy  aic  iji  the  main  of  shallow-water  marine  or  «\siuarine 
origin,  as  is  shown  by  the  abundant  rip})le-marking,  false  bedding, 
mud-cracks,  worm  and  crustacean  tracks  throughout  these  beds. 
Marino  fossils  are  fairlv  common,  and,  altliough  plant-remains  are 
mimerous,  they  appear  to  Imi  of  sea  or  estuarine  origin. 

The  Wallialla  beds  may  In;  subdivided  l)roadly  as  follows:  — 
U])]x>r  Shales, 
floly  Terror  (Jrit. 

Alt(!i-nati;ig  Fcldspathic  Sandstone  and  Shale. 
Basal  Grit  and   Associated  Limestones. 


Ui\ 
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Upper  Sliales. — Stratigraphically,  these  are  the  highest  beds  of 
the  Sihirian  series,  and  are  found  only  in  the  troughs  of  tl\e  main 
geosynclinal.  For  tlie  most  part  they  are  very  thin  bedded, 
highly  cleaved,  grey-green  shales  and  slates  with  a  little  sand- 
stone. Remains  of  plants  referable  to  Haliserites  Decheniamis 
Goppeit.  and  Bythotrepliis  divaricafa  Kidston,  are  found  in  the 
basal  members  of  these  beds. 

//')/♦/  Terror  Grit. — This  term  iias  been  applied  by  Mr.  0.  A.  L. 
Whitelaw  (Xo.  .~)7.  ]>.  12)  to  a  very  persistent  band  of  fossiliferous 
g^it  on  the  eastern  side  of  the  main  geosynclinal  axis.  On  the 
western  side  this  feature  is  not  so  well  defined,  and  is  represented 
by  coarse-grained  and  gritty  sandstones,  which  are  fossiliferous 
in  places. 

The  Holy  Terror  grit  consists  chiefly  of  rounded  grams  of  quartz 
normally  J  in.  to  {  in.  in  diameter,  with  occasional  fragments  of 
chert,  slate,  and  sandstone. 

Fossils  are  common,  but  they  are  generally  in  poor  state  of 
preservation.  Some  forms  collected  by  Mr.  Baragwanath  from 
this  grit  m  O'Keefe's  Gully,  near  Aberfeldy,  w^ere  described  by 
Mr.  F.  Chapman  (Xo.  7 ,  \).  68)  as  Atrypa  reticularis  Linn. 
sp.,  Orthis  (Dalmanclla)  testudinaria  Dalman,  Fenestella,  and 
(?)  Clado]X}ra. 

AUernatinff  Feldspathic  Sandstones  and  Shales. — ^The  shales  are 
thin  bedded  and  grey-green  and  black  in  colour  for  the  most 
part.  Occasional  thin  bands  of  black  carbonaceous  shales  are 
interbeddofl  with  them.  Plant  remains,  referable  to  Haliserites 
Dechenianus  Goppert,  Bythotrephis  divaricata  Kidston,  and  other 
indeterminate  forms  occur  in  these  beds.  Yellow,  brown,  and 
black  sandstones  and  gritty  beds  are  common  near  the  base  of 
the  Walhalla  beds.  Ripple -marking,  false  bedding,  &c.,  are 
common   in   these   l)eds. 

Thin  sections  of  tho  sandstone  show  the  presence  of  a  consider- 
able amount  of  detrital  igneous  debris — plagioclase  feldspar, 
chlorite,  leucoxene,   and   fragmcmts  of  chert  and  silicified  ash. 

Fossils  are  not  uncommon,  but  in  general  their  specific  characters 
an-    difficult  to   dftomiiiio    owing   to  their    poor  state   of  preser- 
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vatioii.     They  consist  chiefly  of  crinoid  remains,  brachiopods.  and 
corals. 

Basal  Grit  and  Associated  Limestones. — The  basal  grit  of  the 
AValhalla  beds  is  a  well-defined  feature  traceable  on  either  flank  of 
the  main  geos}Ticlinal  axis  from  Walhalla  to  Jamieson.  Tn  the 
vicinity  of  the  Thomson  River  copper  mine  this  member  is  repre- 
sented bv  a  conglomerate  made  up  largely  of  coarse  pebbles  of 
basic  igneoas  rocks — hornblende  diabase,  variolite,  &c. — derived 
possibly  from  rocks  of  Heathcotian  age.  It  also  contains  pebbles 
of  gneiss,  quartz,  black  chert,  quartzite,  and  sandstone  (No.  29, 
p.  20G). 

In  th<^  northern  portion  of  the  belt  the  basal  grit  is  coarse- 
grained and  ver\'  quartzose.  One  specimen  from  Enoch's  Creek, 
near  tinoch's  Point,  consists  mainly  of  rounded  grains  of  vitreous 
quartz  with  occasional  fragments  of  slate,  chert,  sandstone,  and 
some  igneous  material. 

Anotlier  specimen,  from  Standers  Creek,  Ls  composcul  of  grains 
of  sub-angular  quartz,  chert,  silicified  ash,  plagioclase,  biotite 
flakes,  pyrite,  and  red  iron  oxide.     Masco\nte  is  rare. 

Poorly  preserved  fossils,  chiefly  crinoid  columnars,  orthoceras, 
and  corals,  are  plentiful  in  the  basal  grit.  Chotietes  cresswelU 
Chapman,  Leptcpua  rhomhoidalis  Wilckens  sp.,  Plevrodictyum 
mcfjastomum  Dun.  have  also  been  described  from  it. 

l>Miticular  patches  of  black  coral  and  crinoidal  limestone  occur 
intercalated  with  the  basal  conglomerate  at  several  points  on  the 
Thomson  River,  north  of  the  copper  mine,  at  the  Tyers 
River,  west  of  Walhalla,  and  at  Deep  Creek,  on  tho  cast  side  of 
WalhaUa. 

Thcise  limestones  have  yit4d«Ml  a  rich  fauna  of  Vcringian 
(Gothlandian)  age.  The  Favositidae  is  abundantly  repre- 
sented. Favosites  forbesi  Ed.  and  Haime.  F.  nitida  Chapm. 
F.  gothlandica  Lam.  are  common  forms.  In  addition.  Cyatho- 
fhylhuK  approxivuins  Chapm.,  HelioUtes  interstincta  Linn, 
sp.,  fragments  of  Strojnatopora,  are  not  uncommon.  Crinoid 
columnars,  Trilobite  remains,  and  GirvancUn  also  occur  in 
thes*^  limt'stones. 
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Choruically,    the    Hniostoiies   i-onsist    chiofly   of   CaCOg,   as   the 
following  analyses  show  :  — 


CaCOa  .. 

i)2.83 

96.20 

93.50 

MgCO;, 

0.65 

trace 

— 

FeCOg  . . 

1.23 

1.25 

1.47 

SiOo      . . 

3.S4 

1.70 

4.00 

H,0      .. 

n.d. 

0.70 

FcoOs  .. 

0.69 

— 

— 

AI0O3    .. 

0.98 

— 

Total         ..         100.22        99.15        99.67 

1.  — Black  limestone.  Coopers  Creek,  near  tlic  'J'liomson  liiver  copper  mine. 
Analyst,  N.   K.  .Junncr. 

2  and  3  — Tyers  liver  limestone  (ruJr  Progrea  Ileport,  Victorian  C.'eol  Survey, 
187G}. 

{h)  Paninkd  /ic'(/.s-.  -These  b(;ds  arc  best  developed  between 
the  Jordan  River  and  Yarra  track.  They  consist  chiefly  of  soft 
yellow  fossiliferoiLs  niudstones  and  shales.  They  underlie  the 
basal  grit  of  the  Walhalla  beds,  and  apparently  overlie  directly 
the  Upper  Ordovician  strata. 

The  following  are  some  of  the  fossils  collected  from  these  beds 
l>y  Mr.  0.  A.  \j.  AVhit(daw  : — Pmumka  gijrpslandica  M'Coy  sp., 
Tentaculites  iiuitlockiciisis  ('ha])nian,  Styliola  fissurella  J.  Hall, 
var.  muUistridtu  T'liapm.,  (Jyclocrnis  tenuiannulattim  M'Coy,  var. 
mi^lrulis  ("hapm.,  dfratiordrin  sp.,  Paracardiarn,  and  Pleurotomaria 
(No.  8,  p.   22i\). 

(c)  MfmtMjrajdus  Bads. — Beds  containing  abundant  Monograptus 
outcrop  in  and  adjoining  the  valleys  of  the  Thomson  River  near 
Mount  Eastori  and  Alx^rfeldv,  and  mj  th<^  Bij;  River  near  Enoch's 
l*oint. 

Near  Mount  Ka.ston  they  directly  undeilie  the  basal  grit  of 
the    Walhalla    Ixjds    and    n"st   on    the    highlv-ch^aved    fossiliferous 
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black  slates  of  Upper  Ordovician  ago.     The  same  sequence  occurs 
near  Enoch's  Point  {vide  sectioas,  fig.  2). 

Litho logically,  these  beds  are  in  the  main  black  and  grevLsh- 
green  shales  and  mudstones,  with  some  soft  yellow  and  white  and 
hard  black  micaceous  sandstone. 


•2     N'oNOiiHAl'TIS    BkIiS        \ 
:l    BaHAI.   (iltlT  I 

1     ORDOVICIAX  *     SaXDSTOSKS  &    SIIAI.1.S  '.        SlI.IRIVN- 

•:,  Holy  TEUitou  (Ikh 
f;   Upi'Kk  Shacks  ) 

Fk;.   J. 


7    ()    Hv-Ai.r 


SKCTIO.VS   ALOXC    links    \    V.    AM)   C    1)   OS   GEOLUCilCAL    I.OCAMTV    MAP. 

(The  Upper  Onlovician  and  Mono{.'i:i|it  ns  Imlsin  anrladjoininj;  the  valley  of  the  Bijj 
River  ueiir  Enoch's   Point  \vfi<?  disfuvpred   \>y  Mr,  O.  A.  1^.  Whitelaw  iii  his  >iii  vey 

(•t  this  ari-ii). 

Horizontil  Scile-I  in.       •!  niiks. 

Monorjraplas  rj.  dahius  is  al)undant  in  certain  l>ands  of  l)lack 
shale,  but  other  fossils  arc  rare.  ()ccasioi\al  worm  tracks  and 
lemains  of  crinoids  occni-  in  places  in  these  beds. 

(d.)  Store  Point -Mount  Useful  Beds. — Belf>w  the  eastern  basal 
conglomerate  of  the  Walhalla  bcnls  near  Store  Point  and  .Mount 
I'seful  arc  certain  beds  which,  in  the  absence  of  fossils,  are  in- 
ehided  provisionally  with  the  Jjower  Siluiian.  Lithologically,  they 
differ  essentially  from  th(^  other  sediments  of  this  l)elt.  The  u]))vr- 
most  beds  consist  chieHy  of  thin-bedded  highly-cleaved  black  slat<'s. 
I'nderlying  these  beds,  east  of  Store  Point  and  near  Mount  I'seful, 
are  bands  of  purple  sliales  and  mudstones  associated  with  green  and 
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white  sandstones  and  cjuartzites,  which  are  possibly  of  terrestrial 


ontTin, 


According  to  Mr.  O.  A.  L.  Wliitelaw  (No.  57,  p.  8),  these  beds 
overlie  the  fossiliferoiis  strata  of  Upper  Ordovician  age,  and,  as 
indicated  above,  they  luulerlie  tl\e  basal  grit  of  the  Walhalla  beds. 
Patient  search  ))\-  members  of  the  Geological  Survey  for  fossils 
in  these  beds  has  vielded  negative  results,  with  the  exception 
of  some  fucoids  (?). 

Locallv,  these  beds  are  highly  crumpled  and  contorted,  and 
crush  conglomerates  have  been  developed  in  places. 

B. — DYKES    OF   DEVONIAN   AGE. 

(1)  General  Rctrntrks. — Dyke  rocks  of  Devonian  age  are  very 
abundant  throughout  this  region.  They  reach  their  maximum 
development  in  the  central  geosyncliiial  area  between  the  western 
basal  grit  of  the  AValhalla  beds  and  a  line  passing  approximately 
through  Jamieson.  Ten-Mile,  Johnson's  Hill  (near  Wood's  Point), 
Toomlx)n,  and  the  Eureka  mine  (near  Walhalla).  East  of  this 
line  no  dvkes  of  this  age  are  knowii.  Between  the  Baw  Baw, 
Mount  Arnold,  and  Mount  Torbrech  granodiorite  massifs  and 
the  western  basal  grit  above  mentioned,  similar  dykes  are  common 
in  certain  places,  but  with  few  exceptions  they  have  yielded  little 
gold.  Furthermore,  the  dykes  are  not  uniformly  developed 
throughout  the  central  bcdt,  whose  limits  have  been  outlined  above. 
They  are  most  prevalent  in  the  troughs  of  the  geosyncline  where 
the  intensity  of  folding  and  fracturing  has  been  greatest,  as  at 
Walhalla,  near  Toombon,  Wood's  Point,  Gaffney's  Creek,  and 
Mount  Terrible,  between  Enoch's  Point  and  Ten-Mile.  The  geo- 
logical and  locality  sketch  map  illustrates  these  relations  very 
clearly. 

In  general,  the  dykes  conform  closely  in  strike  and  dip  to  the 
sedimentary  rocks,  and  without  doubt  their  intrusion  was  a 
concomitant  of  the  folding  of  these  sediments. 

Normally,  the  dykes  are  narrow,  averaging  about  (3  ft.  in 
width,    but   occasionally    they   expand   into   lenticular   bulges   or 
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expansion-.     Tlie  following  tigures  are  the  appioxiniate  maxirauiu 
dimensions  of  some  of  these  expansions  :  — 

Morning  Star          1700  ft.  x  280  ft. 

Bald  Hills  dyke,  near  Matlock     . .  050  ft.  x  300  ft. 

Toonil)on 900  ft.  x  300  ft. 

New  Loch  Fvne 700  ft.  x  280  ft. 

Luck's  All    ." 800  ft.  X  200  ft. 

Eldorado 640  ft.  x  300  ft. 

On  the  other  hand,  the  Tubal  Cain  intnision,  as  pointed  out 
by  W.  Baragwanath  (No.  2,  p.  2 GO),  appears  to  be  a  volcanic  neck 
or  plug.  It  is  roughly  circular  in  plan — 850  ft.  x  750  ft. — has 
approximately  vertical  sides,  and  Ls  composed  largely  of  a  rock 
of  basaltic  composition.  It  is  quite  distinct,  however,  from  the 
basaltic  necks  of  Tertiary  age  which  are  described  below. 

Considerable  variation  is  evident  in  the  texture  and  com- 
position of  the  dyke  expansions.  Normally  their  borders  are 
finer-grained  and  more  basic  than   their  interiors. 

This  is  particularly  well  exemplified  in  the  Monung  Star  dyke, 
where  augite,  ilmenite,  and  apatite  are  more  concentrated  in  the 
finer-grained  marginal  fades  ;  and  in  a  lesser  degree  in  the  New 
Loch  Fyne,  Eldorado,  and  Luck's  All  dykes.  The  central  portion 
of  the  Tubal  Cain  intrusion  consists  of  a  medium  to  coarse-grained 
gabbro-porphyrite  which  grades  into  a  marginal  fine-grained 
black  basalt.     Many  of  the  narrow  dykes  exhibit  chilled  margins. 

All  these  intrusions  are  truly  hypabyssal,  and  their  present 
exposed  portions  appear  to  have  consolidated  under  no  great 
thickness  of  overburden. 

The  rocks  of  the  dyke  bulges,  although  frequently  resembling 
plutonic  types  in  hand  specimens,  under  the  microscope  invariably 
show  a  ground-mass  of  some  sort.  In  the  narrow  dykes  a  por- 
phyritic  structure  is  the  nde,  and  vesicles  and  a  devitrified  glassy 
base  are   present  in  some  cases. 

Thermal  metamorphism  of  the  surrounding  strata  is  usually 
slight.  Induration  of  the  sediments  in  close  vicinity  to  the  larger 
dykes  is  common — e.g.,  A  I,  Morning  Star,  New  Loch  Fyne,  <fec. — 
but    this  alteration  appears  to  be  confined  to  a  hydro  thermal 
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alUMMtion — carbonation,  soricitization,  silicificatioii,  and  pyritiza- 
tion  —by  sohitions  and  vapours  connected  with  the  intrusion  of 
the  dvkes  and  ([uartz- veins.  Sucli  alteration  rarely  extends  for 
greater  distances  than  .*)0  ft.  from  the  dykes.  Horses  of  sedi- 
mentary rocks  included  in  the  dykes  show  no  signs  of  assimilation. 
Coarsely -crystallized  pegmatite  vcnis  are  uncommon,  but  aplite 
veins  and  streaks  of  quartz  and  felspar  not  infrequently  intersect 
till'   rocks   of  the   dyke   bulges. 

(2)  Age  of  the  Dykes. — Concisely,  the  evidence  for  the  Devonian 
a  no  of  these  dykes  is  as  follows  :  — 

1.  They  are  intrusive  into  the  highest  beds  of  the  Upper 

.Silurian. 

2.  They   are   overlain    by   the    basal   conglomerates   of   the 

Lower  ('ar})oniferous  beds  near  Mansfield.  These  con- 
glomerates in  places  carry  a  little  alluvial  gold  whicli, 
presumably,  has  been  derived  from  the  dykes  and 
reefs  in  the  underlying  Silurian  rocks. 

3.  The    writer  kn.ows    of    no    cases  of    these    dykes    being 

intiusive  into  the  Baw-Baw,  Mount  Arnold,  and 
Mount  Torbrech  granodiorite  massifs,  although  they 
occur  in  the  contact  rocks  on  their  northern,  eastern 
and  western  flanks.  The  gianodiorite  in  turn  is  over- 
lain, near  Buxton,  by  the  Cathedral  sandstones  whicli 
lithologically  resemble  closely  th''  Mansfield  beds  of 
Lower  Carboniferous  age. 
[fence  it  is  seen  that  the  age  of  these  dykes  is  post-Up])er 
Sibirian  and  pre-Lower  Carboniferous,  and  therefore  Devonian. 

(3)  Marj/natic  Difjcrmtidtion. — It  is  believed  that  these  dyke 
rr)cks  arc  all  genetically  related.  The  following  evidence  is 
advanced  in  support  r)f  this  contention  •  — 

Occurreiice. — There  (exists  a  remaikable  uniformity  in  the 
Mtnictural  features  of  these  intrusions.  Narrow  dykes,  with 
olliptical  expansions  conforming  closely  to  the  strike  of  the  sedi- 
ments, sometimes  for  considerable  distances,  are  the  rule.  As 
mentioned  previously,  the  majority  of  tlu;  dykes  occur  within 
the  geosynclinal  area,  and  they  are  mon;  abundant  in  the  trough 
of  the  geosynclinc  than  elsewhere. 
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Pelrolotjical  Sinhilarities.  —  (a)  Brown  hornblende  was  an 
original  con.stituent  of  almost  all  these  rocks.  It  is  absent  in 
the  acid  dykes  (quartz  porphyries)  from  Brohan's  Reef.  Thomson 
River  and  St.  Lawrence  dykes,  and  apparently  in  the  Tubal  Cain 
dyke. 

(6)  Ilmenite  is  another  characteristic  mineral  of  these  rocks. 
Its  relative  abundance  in  some  of  them  is  reflected  in  their  hijih 
percentages  of  TiOo- 

(c)  Interstitial  microgiaphic  and  cryptographic  intergrowths  uf 
quartz  and  felspar  are  the  rule  in  the  coarser-grained  rocks  of 
the  dyke  expansions.  The  Aberfeldy  peridotite  and  the  acid 
dykes  above   mentioned  do   not  show  this  structure. 

Metasom/Ulc     Alteration. — Almost      without     exception      these 
rocks   have   been   metasomatically  altered   in  a  greater   or    lesser 
degree.     Three   main  types  of  alteration  are   recognizable  — 
(a)  Late  magmatic  alteratioh. 
(6)  Propylitization. 
(c)   Hydrothermal  alteration  by  the  vein-waters. 

rii(5  chemical  and  mineralogical  changes  brought  about  by  these 
alt<M*ations  are  remarkably  uniform  in  character  throughout  the 
belt,  suggesting  strongly  a  common  origin  for  the  waters  or  gases 
responsible  for  the  alteration.  Furthermore,  evidence  will  be 
adduced  in  the  sequel  to  show  that  these  waters  and  the  dykes 
are  of  conijeneric  origin. 

The  widespread  intimate  association  of  auriferous  quartz- 
veins  with  these  intrusions  further  supports  the  idea  of  con- 
sanguinity. 

The  available  evidence  is  insufficient,  however,  to  discuss  with 
any  degree  of  positiveness  the  nature  of  the  original  magma  and 
the  )twdus  operandi  of  its  differentiation.  It  is  ])robable  that 
these  dykes  are  related  to  the  granodiorito  massifs  of  Baw-Baw, 
&c.,  but  in  what  way  is  not  clear. 

Pile  constant  appearance  on  Victorian  goldfields  of  rocks  of 
dioritic  composition  and  of  quartz  porphyries,  not  far  removed 
geographically  or  in  age  from  granodioritic  intrusions,  is  suggestive, 
in  the  writer's  opinion,  of  some  genetic  relationship  between  theni. 
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The  general  order  of  intrusion  of  these  dykes  is  fairly  clear. 
Broadly,  the  order  appears  to  be  one  of  increasing  acidity.  We 
find  acid  dykes,  aplites,  granophyres,  and  quartz-feldspar  veins 
cutting  many  of  the  basic  and  ultra-basic  rocks.  The  ultra -basic 
copper-bearmg  New  Loch  Fyne  dyke  has  been  altered  along  its 
contact  by  the  normal  diorite-porphyrite  dyke.  Furthermore, 
the  residual  magmatic  extracts  which  have  been  squeezed  through 
these  rocks,  causing  the  alterations  mentioned  above,  appear  to 
become  progressively  more  acid.  On  the  other  hand,  no  case 
is  known  of  a  basic  dyke  of  Devonian  age  cutting  a  more  acid  one. 

C. — TERTIARY   BASALTS. 

Several  small  pipes  of  older  basalt  have  been  located  by  Mr. 
Baragwanath  and  Mr.  AMiitelaw  in  their  surveys  of  this  belt. 
Basalt-flows  of  the  same  age  occur  at  Mount  Lookout,  at  Moon- 
darra,  near  Walhalla,  and  at  numerous  places  on  the  Thomson- 
Aberfeldy  divide  between  Aberfeldy  and  Beardmore's.  As  pre- 
N'iously  suggested,  these  last-named  flows  were  probably  once 
continuous,  and  came  from  Mount  Lookout,  Aberfeldy. 

Petrologically,  these  rocks  are  normal  olivine  basalt,  and  call 
for  no  comment.*  The  pipe  on  the  Reefton  track,  about  2  miles 
west  of  the  junction  of  the  two  branches  of  the  Thomson  River,  is 
interesting,  inasmuch  as  it  contains  numerous  inclusions  of  ultra- 
basic  rocks — peridotitcs  and  pyroxenites — ^which  are  moderately 
rich  in  the  spinels,  pleonaste  and  picotite  and  chromite  (?). 

D. — STRUCTURAL   FEATURES. 

(1)  Folding. — The  structure  of  this  belt  is  that  of  a  corrugated 
geosyncline — ^the  Walhalla  geosyncline — ^between  two  geanticlines, 
the  Matlock  anticline  on  the  west  and  the  Black  River-Mt.  Selma 
anticline  on  the  eastern  flank.  Li  general  the  beds  are  closely 
folded,  and  dips  rarely  become  less  than  50°.  In  the  northern 
portion  of  this  belt,  between  Jamieson  and  Gaffney's  Creek,  rapid 
alternation  occurs  in  the  direction  of  dip  in  places.     In  Mickey's 

•  Petrological  dcscriptiooB  of  some  of  these  rocks  are  embodied  in  the  papers 
by  Dr.  A.  \V  Ilowitt  (No  23),  Professor  I.  W.  ( Gregory  (Xo  17)  and  Professor 
E.  W.  bkeats  (No   13). 
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road  cutting,  on  the  coach  road  between  Kevington  and  Ten-Mile, 
ten  anticlines  and  ten  s\^lclines  are  exposed  m  a  width  of  section 
of  about    150   yd. 

The  average  strike  of  the  sediments  is  N.N.W.  As  will  be  seen 
from  the  geological  sketch  map  (Plate  I.),  the  Silurian  strata  bend 
round  the  Baw-Baw  granodiorite  massif,  the  intrusion  of  which 
appears  to  have  caused  this  variation  in  the  direction  of  the 
strike.  It  might  be  suggested  that  this  curvature  is  due  to  the 
pitch  of  the  beds,  but  this  is  not  likely,  as  beds  of  the  same 
horizon — e.g.,  Monograptus  slates  and  the  western  fossiliferous 
grit — can  be  traced  on  the  surface  for  considerable  distances, 
and  there  is  no  field  evidence  of  any  regional  pitch. 

(2)  Faulting. — ^The  faults  in  this  belt  may  be  subdivided  broadly 
into  the  following  types,  viz.  :  — 

(a)  Strike-faults. 

(a)  Dip  slip  faults. 

(b)  Strike  slip  faults. 

(b)  Oblique  faults. 

(c)  Horizontal  faults.  * 

Faults  of  class  (a)  greatly  outnumber  those  of  the  other  classes. 
The  bulk  of  the  strike -faults  appear  to  be  connected  with  the  folding 
of  the  strata,  and  they  are  frequently  occupied  by  auriferous 
quartz-veins,  and  are  therefore  of  considerable  economic  import- 
ance. Their  recognition  is  often  difficult,  unless,  as  is  oft^n  the 
case,  they  intersect  and  displace  dykes. 

Faulting  of  this  nature  appears  to  have  taken  place  on  an 
extensive  scale  before  and  immediately  after  the  intrusion  of 
the  dykes.  Strike-faults  of  later  date  than  the  formation  of  the 
auriferous  quartz-veins  are  not' common. 

In  dip  slip  faults  the  component  of  the  movement  in  the 
direction  of  the  dip  of  the  fault  has  been  greater  than  the  com- 
ponent in  the  direction  of  the  strike.  Numerous  examples  of 
such  faults  have  been  seen  in  the  mines  near  Enoch's  Point, 
Kevington,  Ten-Mile,  and  GafFney's  Creek.  In  nearly  all  cases 
they  intersect  and  displace  dykes.  The  displacement  caused  by 
these  faults  is  rarely  great4?r  than  20  ft.,  but  in  one  or  two  cases 

displacements  of  40  or  50  ft.  have  been  noted. 

n  _» 


In  strike  slip  faults  the  component  of  the  slip  along  the  fault- 
plane  in  the  direction  of  the  strike  is  greater  than  in  the  direction 
of  the  dip.  Faults  of  this  nature  are  fairly  numerous,  but,  as  in 
the  former  case,  their  recognition  is  difficult  apart  from  some 
indicator  such  as  a  dyke  or  quartz  reef.  In  many  cases,  as  at 
the  Blue  Ribbon  mine  near  Ten-Mile,  Victor's  Quartz,  and  at 
Claxton's  Reef,  near  Toombon,  these  faults  displace  dykes,  and 
quartz  reefs  have  formed  along  them.  The  horizontal  displace- 
ment at  the  Blue  Ribbon  mine,  according  to  AVTiitelaw  (No.  57, 
p.  13),  is  158  ft. 

Oblique  faults  or  cross-courses  are  far  less  numerous  than  strike 
faults,  and,  unlike  the  latter,  they  do  not  appear  to  be  connected 
with  the  folding  of  the  strata,  and  are  mostly  of  later  age  than 
the  quartz  reefs. 

Many,  if  not  most,  of  tlie  reefs  within  the  dyke  expansions 
occur  in  faults  which  often  displace  the  dykes  for  considerable 
distances.  For  instance,  the  famous  Age  of  Progress  reef  in  the 
Moniing  Star  dyke  appears  to  be  filling  a  reversed  strike-fault 
whicli  displaces  the  dyke  about  40  ft.  Again,  the  large  reef  seen 
in  the  (KJO-ft.  level  in  the  same  mine  occurs  in  a  similar  fault 
which  has  displaced  the  dyke  about  50  ft.,  and  many  other  reefs 
in  this  dyke  occupy  faults.  In  the  Al  and  New  Loch  Fyne  mines 
many  of  the  reefs  occur  in  faults  which  have  displaced  the  dykes 
for  varying  distances,  and,  according  to  Mr.  Baragwanath  (No.  3, 
p.  12),  the  quartz  reefs  in  the  Eureka  dyke,  near  Walhalla,  occupy 
fault-planes.  Faults  later  than  the  main  reefs  are  rare  in  these 
dyke  expansions. 

E. — ^TYPES   OF   QUARTZ   REEFS. 

The  reefs  of  this  belt  may  be  classified  as  follows  :  — 

(1)  Reefs  occurring  in  or  along  walls  of  dykes. 

(2)  Reefs  occupying  fault-planes,   intersecting  or  in  close 

association  with  dykes.  J 

(3)  Bedded  reefs. 

(4)  Fault-reefs  apparently  not  associated  with  dykes. 
<5)  (iasli   veins  anrl  stockworks  in  sedimentary  rocks. 
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From  an  economic  standpoint  the  first  two  classes  have  proved 

to   \}o.  most  important. 

(1)  Reefs  Occurring  in  or  alonq  Walls  of  Dykes. — The  dyke  reefs 

have  more  extensive  development,  and  have  been  worked  to  a 

much  greatei-  degree  than  any  of  the  other  types.     Thev  occur 

in  various  ways — 

(a)  As  relatively  fiat  veins  or  "  floors,"   dipping  at  small  angles 

from  wall  to  wall  of    the  dyke,  and  sometimes  continuing  out 

into  the  surrounding  strata. 
Particularly  fine  examples  of 
this  type  can  be  seen  in  many 
of  the  narrow  dykes — e.g., 
Waverly,  May  Moon,  Georgia, 
Dempsey's,  Excelsior,  Hunt's, 
&c.  In  the  majority  of  cases 
the  reefs  stop  short  at  the 
dyke  walls.  More  commonly 
the  reefs  dip  at  angles  between 
30°  and  50^  from  wall  to  wall, 
as  in  the  A  1,  Morning  Star, 
New  Loch  Fyne,  Eldorado, 
Luck's  All,  and  Eureka  dykes. 
In  the  A  1  and  Morning  Star 
mines,  and  less  commonly  in 
the  New  IjOcIi  F\Tie,  the  reefs 
dip  alternately  in  opposite 
direction'^,  as  is  seen  in  tigs. 
.*i  and  4. 

(/>)  Transversely  from  wall  to 
wall,  and  dif)[)ing  at  angles  ap- 
proaching thti  vertical.     Reefs 

TuANSVKICM;    section     THUOUCiH     THK    A    I        '  '^  •  11 

Gold   Mine    showing   auua.vukmknt  ok    of   thLS    type    are    occasionally 

OCAUTZ    KKKFS.  .  ..1      • 

,,.,.,.        met  with  111  some  mines — e.g., 

Keduced    from    secUon    bj    Mr.   i       1^  . 

M'Keuzie,  Surveyor  to  the  A  1  niiiii'.  Workuig     .Miners,     Kevillgton. 

(c)  Steeply-dipping      longitudinal     reefs. — These     an*     not     un- 

conmion,   but  are  rarely  payably  auriferous,  »'xce])t   occasionally 
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at  or  in  ilose  vicinity  to  their  junctions  with  flat  veins,  as  at  the 
Little  Coniot  mine.  At  the  A  1  mine  reefs  of  this  sort  sometimes 
fill  fault-fissures  whicli  intersect  and  displace  the  main  floors 
for  a   few  inches. 

At  the  Xew  I^ch  Fvne  mine,  narrow,  steeply-dipping,  poorly- 
auriferous   veins,   which  strike   approximately  north   and  south, 
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Fio.  4. 
Tra.vkvbrsk    kk<  TioN    tiik<m<;h    the    nkw    i;n(;inI':    >;HArT.    .Mouninc;    Star 

iJYKK,  Wood's  J*oin't. 

Hhowinfj  arraiiKcuient  of  quartz  reofs  within  the  dyke.    Reproduced  from  Mr.  O.  A. 

L.  Whif^J.iw'fl  section  in  th«.'  prospectus  of  the  Morning  Star  n.M.  Co. 

and  ap[)arontly  occupy  fault-planes,  intersect  the  main  floors  of 
quartz.  Tliev  appear  in  some;  cases  to  be  th(^  feeders  for  the 
main  reefK. 

(d)  Reefs  alon«  dyke  walls. — Reefs  of  tliis  type  have  been 
workfid  at  the  Domino  mine,  near  Jamieson,  Brohan's  reef,  and 
the  Brist*)!  reef,  near  (iaffney's  Creek.  They  have  yielded  little 
gold. 
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(e)  Stockworks. — In  many  of  the  narrow  dykes — e.^.,  Rose  of 
Denmark  and  Working  Miners' — and  in  some  of  the  larger  ones 
the  quartz  veins  ramify  through  the  rocks  in  all  directions, 
forming  typical  stockworks.  In  such  cases  the  whole  of  the 
dyke  is  crushed  if  within  the  shoot  of  gold. 

(2)  Beefs  Occupying  Fault-Planes,  dc. — FaiUt  reefs  which  inter- 
sect and  displace  dykes  occur  in  numerous  places  between 
Kevington,  Enoch's  Point,  and  Gaffney's  Creek,  and  near  Aber- 
feldy.  They  have  been  worked  with  some  success  at  the  Alabama, 
Home  Rule,  Victor's  Quartz,  and  Toombon  mines,  and  also  at 
Alexandra,  which  is  outside  this  belt.  Almost  without  exception 
they  are  richest  at  the  intersections  with  the  dykes,  and  are 
usually  enlarged  in  this  vicinity. 

Cohen's,  Lily,  Harbinger,  and  All  Nations  are  examples  of  reefs 
within  fault-fissures  in  close  association  with  dykes. 

(3)  Bedded  Reefs.— Mv.  Whitelaw  (No.  57,  p.  20)  has  shown  that 
the  reef  worked  at  the  Royal  Standard  mine  was  an  inverted 
saddle  reef,  and,  according  to  Mr.  Dunn  (No.  13,  p.  42),  some  of 
the  reefs  worked  at  the  United  Gleeson's,  Star  of  the  West,  and 
Blue  Ribbon  mines,  near  Ten-Mile,  were  of  a  similar  tj^e.  Mr. 
W.  Baragwanath  informs  me  that  a  saddle  reef  was  worked  at 
the  Wliite  Star  mine  near  Mount  Useful. 

Diagrammatic  illustrations  of  bedded  saddle  and  inverted  saddle 
reefs  on  a  small  scale  can  be  seen  in  Hickey's  road  cutting,  near 
Ten -Mile,  and  at  Walhalla.  In  each  case  they  are  closely 
associated  with  faults. 

(1)  Fault  Reefs  Apparently  not  Associated  with  Dykes, — A  narrow 
\ni\t  lacking  in  dykes  and  containing  some  important  auriferous 
reefs  extends  from  near  Knockwood  on  the  nortli  to  Store  Point 
and  P'ulton's  Creek  at  the  south  end.  The  reefs  in  this  zone  mostly 
occupy  faults  which  conform  closely  with  the  adjoining  strata. 
Bedded  reefs  have  been  worked  at  the  Royal  Standard  and  White 
Star  mines,  and  also  at  Store  Point. 

These  reefs  are  generally  well  laminated  and  highly  mineralized, 
particularly  so  at  Store  Point,  where  considerable  amounts  of 
chalcopyrit<»,  galena,  arsenopyrite,  and  pyrite  are  present  in  the 
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veins.  Sribiutc  also  occurs  in  those  reefs  at  tlio  Leviathan, 
Leiclihardt,  and  Roral  Standard  mines. 

The  most  productive  mines  in  fliis  belt  have  been  the  Leviathan, 
Royal  Standard.   Crinoline.   Bismarck,  and  Gippsland  Consols. 

(5)  Gash-Vclns  and  t>tockwork's  in  Sedhyientary  Rod's. — Reefs 
of  this  type  are  relatively  common  in  the  central  dyke  belt.  They 
are  best  developed  in  thick  bands  of  sandstone,  in  which  they  occur 
either  as  more  or  less  flat  floors  which  normally  end  abruptly  at 
the  walls  of  the  sandstone  bed,  or  as  stockwork  formations. 
Frequentlv  they  are  seen  to  ho  fed  l)y  small  bedded  favdt- veins. 
Reefs  of  tliis  kind  were  often  very  ricli  near  the  surface — e.g.^ 
Never  Mind,  near  Wood's  Point,  which  is  reported  to  have  yielded 
about  7000  ozs.  of  gold  from  surface  to  a  depth  of  100  ft. — but  in 
no  case  have  they  proved  payable  below  water-level. 

3. — ^Petrology, 
a. — previous  literature. 
Professor  E.  W.  Skeats  (No.  43),  in  an  appendix  to  Mr.  0.  A.  L. 
White  law's  report  on  the  Wood's  Point  district,  has  summarized 
the  results  of  previous  workers  on  the  petrology  of  the  auriferous. 
dyke  rocks  of  this  area.  He  also  examhied  thin  sections  of  many 
of  the  dykes  and  described  m  detail  the  microscopical  characters 
i)l  the  New  Loch  Fyn(^  dyke.  He  speaks  of  theses  rocks  as 
propylitized  dio rites  and  hornblende  porphyrites,  and  suggests 
that  they  are  probably  apophyses  of  buried  granodiorite  masses, 
probably  of  Lower  Devonian  age.  Professor  Skeats  agrees  in 
the  mam  with  tlm  present  writer's  conclusion  (No.  2S,  p.  J 28) 
that  the  regional  propylitization  of  the  rocks  is  independent  and 
earlier  than  the  introduction  of  the  gold-bearing  vein  solutions. 
He  furthermore  shows  that  Professor  Giegorv's  use  of  the  term 
*  propylitization "  was  a  somewhat  loose  one.  and  states  that 
all  the  dyke  rr>cks  described  by  Professor  (iregory  should  be 
regarded  as  propylitiz<^d,  and  not  simply  tlu;  more-altered  rocks 
to  which  he  restrictf'd  the  t-e-rm,  and,  further,  tliat  some  of  the 
rocks  regardf(l  by  th(^  latter  as  ])ropylitized  diorit^^s  had  suffered 
not  only  propylitization  but  also  hydrothernial  alteration  i)y  the 
vcin-i^ilutions. 
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Professor  Skeats  described  the  New  Loch  Fviie  dvke  as  a 
propylitized  quartz  hornblende  dioritc  consisting  chiefly  of 
chloritized  brown  hornblende  crystals,  porphyritic  zoned  plagio- 
clase — oligoclase  to  labradorite — ilmenite,  and  a  little  (probably 
secondary)  interstitial  quartz  and  orthoclase.  The  micrographic 
intergrowth  of  quartz  and  feldspar  he  regards  as  probably  one  of 
the  effects  of  propylitization  on  the  ground-mass  of  the  rock. 

Professor  Skeats  also  draws  attention  to  the  remarkable  re- 
semblance between  the  field  occurrence  and  petrological  characters 
of  the  dyke  rocks  from  the  New  Loch  Fyne  mine  and  those  from 
Wood's  Point  and  Gaffney's  Creek. 

Apait  from  the  above-mentioned  petrological  examinations  of 
certain  of  the  dykes  from  the  Wood's  Point  district  by  Mr. 
Mennell  and  Professors  (xregory  and  Skeats,  the  only  other  rocks 
whose  microscopical  characters  have  been  studied  are  certain  ones 
from   the   Walhalla   district. 

The  late  Dr.  A.  W.  Howitt  (No.  25)  described  samples  of  the 
dykes  from  the  Long  Tunnel,  Long  Tunnel  Extended,  Great  South 
Long  Tunnel,  Longfellow's,  and  the  Walhalla  Proprietary  nunes, 
as  quartz  mica  diorites  which  sometimes  contain  hornblende. 
The  'J'homson  River  copp(H*  mine  dyke  he  determined  to  be  a 
hornblende  dioritc  with  a  little  quartz,  and  the  Tubal  Cain  rock 
an  augite  bearing  mica  and  hornblende  diorit(\  A  dyke  from  the 
locality  marked  Note  24  near  the  Eureka  mine  on  the  geological 
plan  of  Walhalla  he  described  as  a  normal  olivine  basalt. 

B. — DETAILED    DESCRIITION. 

Tlu'  Devonian  dyke  rocks  of  this  belt  may  be  classified  as 
follows  : — 

(a)  Quartz-feldspar  porphyries,  granophyres,  and  aplites. 
(/>)   Dioritc  porphyrites. 
(c)   Lamprophyres. 
{(i)  Cial)br(>  porphyrit<\s  and  basalts, 
(e)    ritra-basic  rocks — peridotit<»  and  perknites. 
Auriferous    quartz-veins    are    associaUul    with    all    these    rocks, 
witli  th<^  exceptioTi  of  class  (e),  but  by  far  the  most  economically 
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important   icffs  occur  in  or  in  close  relation  to  rocks  of  classes 
{b)  and   (c). 

{(i)  Quartz-Feldspar  Porphyries,  d'e. — Rocks  of  c]uartz -feldspar 
porphyry  type  occur  in  a  few  places  in  the  southern  portion  of 
the  belt.  For  the  exact  location  of  some  of  these  rocks  and  for 
specimens  of  same  the  A\Titer  is  indebted  to  Mr.  AV.  Baragwanath. 

Quartz-feldspar  })orphyry,  50  ft.  wide,  junction  of  Jordan  and 
Thomson  Rivers. — In  hand  specimens  it  is  a  yellowish-green 
aphanitic  rock,  witli  minute  crystals  of  pyrite  and  arsenopyrite 
disseminated  through  it. 

E.xamined  microscopically,  it  is  seen  to  have  consisted  origin- 
ally of  ])orpliyritic  phenocrysts  of  feldspar,  now  almost  entirely 
replaced  by  sericite  and  a  little  pyrite,  and  smaller  ones  of  biotite 
and  (piartz  in  a  microcrystalline  ground-mass  consisting  chiefly 
of  quartz  grains  and  wisps  of  sericitic  mica.  Ilmenite  and  apatite 
are  accessories.  The  biotite  has  been  bleached,  and  rutile  needles 
have  separat-ed  out.  Pyrite  crystals  having  the  form  of  the 
pyritohedron  replace  the  biotite  in  places.  The  rock  has  been 
extensively  sericitized,  and  a  little  secondary  quartz  and  pyrite 
have  ])een  developed.     Car})onates  are  absent. 

No.  J3,  Sericitized  quartz-feldspar  porphyry,  Brohan's  Reef, 
near  Al)erfeldy. — ^This  rock  consists  of  idiomorphic  phenocrysts 
of  feldspar  now  entirely  sericitized,  and  occasional  corroded  pheno- 
crysts of  (niartz  in  a  crypto -crystalline  ground-mass  made  up 
chiefly  of  s(;ricite  and  finely-divided  quartz.  A  few  small  laths  of 
bleached  and  pyiitized  titaniferous  biotite  arc  present.  Numerous 
idiomorphic  crystals  of  pyrite  replace  the  ground-mass.  The 
larger  ones  are  surrounded  by  fringes  of  secondary  (quartz. 

Quartz-feldspar  porphyry  dyke,  Waterloo  Gully,  south-west  of 
Aberfeldy.  —This  rock  consists  of  greatly  sericitized  panidio- 
morphic  phenocrj'sts  of  orthoclase  and  subordinates  acid  i)lagio- 
clase  (albite-oligoclasci),  prismatic  laths  of  bleached  biotite,  in- 
cluding abundant  nitile  and  a  few  corroded  pellucid  crystals  of 
quartz  in  a  microcrystalline  ground-mass  made  up  of  (juartz  grains, 
microlites  of  feldspar,  and  sericite  flakes.  Zircon  and  apatite 
are   accessorioH.      One   or  two    vesicles   now   fill(ul   with   secondary 
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quartz  are  present.  Dusty  sericite  is  the  most  abundant  secondarv 
mineral.     Some  pyrite  and  carbonates  are  also  present. 

No.  238,  Dyke,  Walhalla  Proprietary  Company. — A  holo- 
crystalline  rock  consisting  of  abundant  phenocrvsts  of  feldspar, 
panidiomorphic  quartz,  and  bleached  biotite,  from  which  rutile, 
sphene  and  iron  oxides  have  separated.  A  little  interstitial 
micro  pegmatite  is  distributed  through  the  section,  and  massive 
carbonate  fills  interstices  between  the  ({uartz  and  feldspar 
crystals  in  places,  and  in  part  replaces  the  quartz.  Orthoclase 
appears  to  l)e  in  excess  of  plagioclase,  which  is  andesine,  but  both 
are  much  sericitized,  and  it  is  difficult  to  determine  their  relative 
proportions.  A  little  pyrite  replaces  the  biotite  and  feldspar- 
Nomenclature  :    Altered  quartz-feldspar  porphyry. 

No.  872,  Mines  Department  Collection,  St.  Lawrence  dyke, 
Al)erfeldy  River. — This  rock  consists  for  the  most  part  of  long 
prisms  of  plagioclase  (oligoclase)  and  orthoclase  in  approximately 
equal  amounts.  A  little  biotite,  ilmenite,  quartz,  and  accessory 
apatite  are  also  present.  A  micrographic  intergrowth  of  quartz 
and  feldspar  can  be  seen  in  parts  of  the  section.  Carbonates  and 
sericite  have  been  extensively  formed,  also  a  little  chlorite,  and 
grains  of  pyrite  which  replace  ilmenite. 

Graw'phyrcfi. — These  are  acid  rocks  occurring  as  dykes  and 
veins,  and  consisting  largely  of  orthoclase,  quartz,  and  hornblende 
in  a  ^Mound-mass  which  is  made  up  of  abundant  beautiful  micro- 
graphic  and  pseudos])herulitic  intorgrowths  of  (juartz  and  feldspar. 
The  best  known  exam])h's  from  this  belt  are  the  Alabama  dyke, 
near  Matlock  ;  Raymond's  dyke,  near  Gaffney's  Creek  ;  dyke 
crossing  the  "  r  "  in  ''  Jericho  "  on  geological  and  locality  sketch 
map  (Plate  I.)  ;  and  a  vein  in  the  Eldorado  dyke  (diorite- 
porphyrite),  near  Gaffney's   Creek. 

The  Alal)ama  granophyre  is  associated  with  a  basic  gabbro- 
diorite  or  j)<)rphyrit<»,  but  the  field  relation  between  the  two  types 
could  not   \)Q.  determined. 

Quartz- veins  occur  within  all  these  grano[)liyres,  but  they  have 
yielded  nejili^'ible  quantities  (►f  gold. 
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Granophyro,  Ahibaina  dyko,  Matlock. — A  thin  section  of  this 
rock  shows  plienocrysts  of  orthoclase,  phigioclase,  quartz,  and 
abundant  psoudomorphs  after  liornblende  with  a  little  biotite, 
all  embraced  by  beautiful  interstitial  micrographic  and  pseudo- 
spheruliti(*  intergrowths  of  quartz  and  feldspar.  Ortliochise  is 
greatly  in  excess  of  ]ilagioclase,  which  latter  is  referable  to  albite- 
oligoclase.  The  ortlioclase  contains  occasional  niicropertliitic 
inclusions  of  albite  and  idiomorphic  crystals  of  hornblende. 
Epidote,  sericite.  and  carbonates  replace  it  in  part.  Generally 
the  intergrowths  of  quartz  and  feldspar  occur  as  fringes  to  the 
plienocrysts  of  orthoclase  and  ])lagioclase,  but  sometimes  they 
merge  into  one  anotlier.  Some  splendid  pseudomorphs  of 
carbonates  and  microspherulitic  chlorite  after  idiomorphic  horn- 
blende are  seen  in  the  section.  Grains  of  leucoxene  and  sphene 
have  separated  out  from  the  hornblende  on  its  alteration,  and 
these  have  been  concentrated  for  tlie  most  part  along  the  marghis 
of  the  crystals.  A  little  secondary  (piartz  has  been  formed  at 
the  same  time.  Massive  interstitial  carbonate  is  distributed  through 
the  section.  It  is  distinct  from  the  carbonate  replacing  the  horn- 
blende, &c.,  and  is  essentially  contemporaneous  witli  tlio  grano- 
phyric  intergrowths  of  quartz  and  feldspar,  and  in  one  place  in 
the  section  is  apparently  intergrown  with  quartz.  Micro- 
spherulitic chlorite  is  common.     It  occurs  in   two  ways — 

(1)  Massive,  marginal  to  carbonates,  and   in   part  replacing 

them. 

(2)  In  granular  form,    replacing   hornlihmde. 

A  feature  of  interest  in  this  rock  is  the  relative  al)undan('e  of 
a  |)leochrr)i('  —colourless  to  yellow — mineral,  in  radial  and  st^llat(^ 
aggregates,  which  often  have  a  nucleus  of  chlorite  or  carbonate. 
Viewed  imder  the  high  power,  it  appears  as  pointed  prisms  which 
have  a  higher  refractiv<r  index  than  apatite  and  all  sections  of 
earlxjuate.  Under  ciossed  nif;ols  it  shows  blight  polarization 
colours  of  Hccxmd  or  tliird  order,  ;iiid  extinguishes  parallel  to  the 
length  of  the  prisms.  To  det;<'rmine  th<'  precise  optical  characters 
of  the  mineral,  some  of  the  rock  was  crushed  to  pass  a  1  mm. 
sieve,  and  the  heavy  and  lifrht  portions  were  separated  by  bromo- 
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form,  G.  =  '2. Si).  The  heavy  residue  was  dried  an(i  the  aljundant 
ilnieiiite  and  leucoxene  were  separated  l>y  an  electromagnet. 
The  remahiing  material  was  hand-picked  under  the  microscope, 
and  numerous  grains  of  the  doubtful  mineral  were  collected. 
Determination  of  its  refractive  index  showed  that  its  R.I.  in  all 
cases  was  greater  than  R.I.  monobromonapthalene  =  l.Oo.S, 
Some  of  the  grains  were  mounted  on  a  glass  slip  and  viewed  under 
convergent  polarized  light.  They  showed  a  cential  straight  bar, 
which  curved  very  slightly  on  rotation  of  the  stage,  proving  the 
mineral  to  have  a  large  axial  angle.  Determination  of  its  sign 
showed  that  it  is  —ve.  The  above-mentioned  properties  agree 
closely  with  those  of  epidote.  Interlaminated  with  the  epidote 
in  places  are  prisms  of  a  colourless  mineral  having  a  lower  re- 
fractive index  than  the  epidote,  and  exhibiting  ultra  blue 
polarization  colours.     It  is  therefore  zoisite. 

Granophyre,  Raymond's  ^ Dyke,  near  Hunt's  mine,  Gaflfney's 
Creek. — A  thin  section  of  this  rock  is  composed  chiefly  of  large 
relatively  fresh  phenocrysts  of  orthoclase  feldspar  with  sub- 
ordinate plagioclase  (oligoclase),  long  laths  of  biotite,  idiomorphic 
phenocrysts  of  hornblende,  and  irregular-shaped  grains  of  (piartz 
in  a  ground-mass  made  up  chietiy  of  microspherulitic  and  micro- 
graphic  intergrowths  of  quartz  and  feldspar,  which  generally  have 
a  nucleus  of  sericitized  feldspar  and  quartz.  Leucoxene,  idio- 
morphic crystals  of  sphene,  and  apatite  are  accessories.  Both  the 
hornblende  and  the  biotite  have  been  entirely  replac(Ml.  The 
hornblende  exhibits  its  usual  type  of  alteration  to  aggregates  of 
pennine  and  carbonates,  with  the  separation  of  sphene  and  rutile. 
Pennine  is  the  most  common  alteration-product  of  the  biotite 
but  white  mica  and  carbonates  are  often  developed  ;  rutile  has 
separated  out.  Abundant  dusty  carbonates,  pennine,  sericite,  and 
a  little  pyrite  are  secondary  minerals. 

(iranopliyre,  dyke  bulge  in  Ordovician  strata  at  the  "  r  "  in 
'*  Jericho  "  on  geological  and  locality  map  (Plate  I.). — This  rock,  in 
thin  section,  resembles  closely  the  dyke  from  the  Alabama  mine, 
Matlock.  It  consists  of  panidiomorphic  phenocrysts  of  horn- 
LltMide  which  are  bleached,  are  partially  replaced  by  pennine  and 
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a  little  epidote  and  largo  phenocrysts  of  feldspar,  in  a  grouiid-mass^ 
consisting  chiefly  of  l^eantifnl  granophyric  intergrowths  of  quartz 
and  feldspar  with  a  little  hornblende  and  granular  secondary 
ijuartz.  Spheno  and  apatite  are  accessories.  Orthoclase  pre- 
ponderates over  plagio(:lase,  which  latter  is  referable  to  oligoclase- 
andesine.  The  usual  alteration-product  of  tlie  feldspar — namely ^ 
sericite — is  very  rare,  but  pennine,  epidote,  sphene,  and  fairly 
abundant  zoisite  replace  it.     No  carbonates  are  present. 

Granophyre  vein  in  diorite  porphyrite,  lower  adit  level,  Eldorado 
mine. — This  rock  consists  for  the  most  part  of  idioniorphic  pheno- 
cr}'Sts  of  hornblende  and  feldspar,  which  latter  is  mainly  orthoclase, 
in  a  granophyric  int<>rgrowth  of  quartz  and  feldspar.  Phenocrysts 
of  quartz  are  lacking,  and,  apart  from  the  intergrowth  with 
feldspar,  it  is  very  rare  in  the  ground-mass  of  the  rock.  One  or 
two  large  phenocrysts  of  plagioclase  are  seen  in  the  section.  These 
give  symmetrical  extinction  angles  oi  21^  and  24°  respectively, 
and  have  greater  refractive  index  than  orthoclase  adjoining,  and 
are  therefore  andesine.  Sericite,  carbonates,  and  a  little  epidote 
and  chlorite  replace  some  of  the  feldspar,  but  for  the  greater  part 
it  is  remarkably  fresh.  The  hornblende  is  much  less  altered  than 
usual,  and  occurs  in  idioniorphic  crystals  which  are  often  included 
in  the  feldspar.  The  granophyric  intergrowth  normally  occurs 
marginal  to  feldspar  phenocrysts,  but  in  places  penetrates  and 
veins  the  feldspar.  Sphene  and  ilmenite  are  accessories. 
Chlorite,  sericite.  leucoxene,  and  a  I'ttle  carbonate  and  pyrite  are 
secondary. 

Aplite. — Rocks  of  this  type  occur  as  veins  or  narrow  dykes 
traversing  the  more  basic  rocks. 

Section  No.  4fX)  of  aplite  vein  traversing  the  Eureka  dyke  near 
Walhalla  is  characteristic  of  this  type.  It  is  a  holocrystalline 
rock  composed  of  laths  of  little -altered  biotite,  prisms  of  sericitized 
feldspar  which  is  chiefly  albite,  and  irregular  grains  of  quartz 
and  needles  of  ilmenite,  all  apparently  intergrown  with  one 
another.  Rutile  needles  have  separated  out  from  the  biotite, 
and  a  little  p}Trhotite  is  scattered  through  the  section. 
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No.  294,  aplite  veiii  in  basalt,  Coronation  mine.  Tubal  Cain 
dyke. — This  is  an  even-textured  medium  to  fine-grained  rock, 
consisting  chiefly  of  granular  pink  feldspar  and  green  prisms  of 
augite  with  some  quartz.  Microscopically,  it  consists  of  greatly 
chloritized  phenocrysts  of  augite  in  a  mosaic  of  granular  quartz, 
sericitized  and  epidotized  feldspar — orthoclase  slightly  exceeds 
the  plagioclase  (albite)  in  amount — ilmenite,  white  mica,  and 
apatite.  The  quartz  and  feldspar  exhibit  a  tendency  to  graphic 
intergrowth.  The  usual  hornblende  and  carbonates  are  absent 
from  this  rock.  In  addition  to  chlorite,  some  serj^entine  and 
epidote  have  developed  from  the  augite. 

No.  252,  acid  vein  (aplite)  traversing  hornblendite.  Shamrock 
dyke,  south  of  Wood's  Point. — This  rock  consist-s  of  large  panidio- 
morphic  phenocrysts  of  hornblende  and  feldspar  and  occasional 
ones  of  quartz,  in  a  ground-mass  made  up  of  mosaics  of  quartz, 
laths  of  feldspar,  and  idiomorphic  crystals  of  hornblende. 
Ilmenite,  sphene,  and  apatite  are  accessories,  and  chlorite, 
carbonates,  sericite.  leucoxene,  and  pyrite  arc  secondarv. 
Tremolitic  and  actinolitic  outgrowths  to  the  brown  hornblende 
phenocrysts  are  common.  They  include  crystals  of  ilmenite  and 
pyrite.  The  feldspar  is  chiefly  orthoclase.  It  occurs  usually  in 
relatively  fresh  large  idiomorphic  phenocrysts  containing  micro- 
perthitic  inclusions  of  albite.  Carlsbad  twinning  is  usual,  but 
one  fine  Manebach  twin  is  also  present.  Mijmte  prisms  and  grains 
of  a  highly  refracting  mineral,  pleochroic — colourless  to  light  pink 
— extinguishing  parallel  to  the  rectangular  cleavage  planes,  and 
having  polarization  colours  resembling  those  of  calcite.  and  there- 
fore sphene,  are  common.  Microspherulitic  pennine,  sericite,  and 
massive  carbonates  are  abundant.  The  carbonate*:  appear  to  be 
essentially  contemporaneous  with  the  quartz. 

No.  21,  aplite  vein  in  Morning  Star  dyke,  west  edge,  400-ft. 
level. — This  rock  is  very  highly  altered,  and  determination  of  its 
original  characters  is  difficult.  Apparently  it  originally  consisted 
chiefly  of  granular  quartz  laths  and  prisms  of  sericitized  and 
partly  carbonated  feldspar — orthoclase  and  acid  ])lagioclas(^ — and 
laths  of   biotite   now   rc^placod   l)y   |)ennino   and   fairly   abundant 
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prisms  and  hypidioniorphic  grains  of  ilmenite  and  leucoxeno. 
No  hornblende  is  recognizable.  Sericite,  chlorite,  and  carbonates 
an*  secondary. 

(b)  Dion'te  For phy rites. — The  type  rocks  of  this  series  aro  the 
Morninff  ^^tar.  New  Loch  Fvne,  and  Jericho  dykes.  Thev  have 
many  affinities  with  the  "  Markfield  "  type  (diorite  granophyre) 
of  the  English  nomenclature.  Economically,  these  rocks  are  of 
considerable  importance,  as  many  of  the  best  mines  in  this  belt 
occur  within  them.  Their  petrological  features  and  the  nature 
of  the  metasomatic  alteration  undergone  by  them  are  furtheimore 
of  considerable  inUnest. 

The  Morning  Star  rock  is  the  best  known  and  perhaps  the  most 
interesting  of  the  series.  In  hand  specimen  it  is  a  black  and 
white  even-grained  rock,  consisting  chiefly  of  black  hornblende 
and  white  feldspar.  A  little  quartz  and  biotite  are  also  recog- 
nizable. Microscopically,  the  rock  is  composed  of  phenocrysts 
of  brown  hornblende — penetrated  sub-ophitically  in  places  by 
greatly  sericitized  laths  of  plagioclase — frequently  having  a  core 
of  augite  and  including  abundant  grains  of  ilmenite  and  apatite  ; 
panidiomorphic  phenocrysts  of  andesine  now  extensively  sericitized, 
long  laths  of  biotite  and  panidiomorphic  quartz  in  a  ground-mass 
made  u])  of  hornblende,  feldspar  laths,  granular  augite,  and  a 
micrographic  intergrowth  of  quartz  and  feldspar.  The  relationship 
l)etween  the  hornblende  and  augite  is  interesting.  In  some  cases 
the  augite  is  fringed  by  browji  hornblende,  which  includes  nmch 
ilmenite,  and  in  others  it  occurs  as  an  irregular  mosaic  of  grains 
surround<'(l  by  massive  hornblende.  Ilmenite  rarely  is  included 
in  augito.  Tt  seems  to  be  practically  all  confined  to  areas  of 
hornblende. 

During  the  cons^ilidation  of  the  rock  it  was  permeated  by  residual 
siliceous  and  alkaline  carbonate  extracts  released  by  the  magma, 
with  the  result  that  the  interstices  in  the  rock  were  filled  with 
(juartz,  micrographic  intergrowths  of  quartz  and  feldspar,  albite, 
and  carlx)nate8.  Actinolitic  and  tremolitic  outgrowths  to  the 
hornblende  were  formed  at  the  same  time.  Large  quartz  crystals, 
which  include  clear  crystals  oi  albite,  rHcnr  in  optical  contnmity 
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with    the    quartz   of    the    iutergrowths.     Tlie    massive    carbonate 
ap])eais  to  be  cont<*mporaueous  with  the  ([iiartz. 

As  a  result  of  a  slightly  lat^r  phase  of  this  alteration,  chlorite, 
s^'qx'utine,  epidot<^.  and  sphene  were  formed  from  the  hornblende 
and  biotite,  leucoxene  was  developed  from  ilmenite,  and  the 
feldspars  were  chloritized  and  sericitized.  These  minerals  are 
the  ones  cliaracteristic  of  the  type  of  alt-eration  spoken  of  as 
pro])ylitization. 

At  a  still  lat<?r  period  the  rock  was  fractured  and  penetrated 
l)y  veinlets  of  (piartz  and  carbonates. 

Specimen  analyzed.  10  ft.  from  Cherry's  reef.  Hope  adit  level, 
Moniing  Star  dyke. — Augit<^  and  biotite  are  less  common  than  in 
the  j)receding  rock.  However,  numerous  kernels  of  augite  occur 
surrounded  by  ]Vatches  of  serpentine  and  microspherulitic  chlorite, 
which  apparently  rej^resent  replaced  augite.  The  feldspars  are 
partially  sericitized.  and  a  little  pyrite  replaces  some  of  leucoxene. 
Int^^rstitial  micro})egmatite  is  fairly  abundant,  and  generally  has 
a  nucleus  of  highly  altered  plagioclase  (?  andesine).  Apatite  is 
common.     An  analysis  of  this  rock  is  given  on  p.  LSS. 

New  Loch  Fyne  dvke.  No.  r>  adit  level. — This  rock  consists  in 
thin  section  of  porphyritic  phenocrysts  of  panidiomorphic  horn- 
blende and  some  cloudy  plagioclase  and  secondary  cpiartz  in  a 
ground-mass  of  feldspar  laths  and  granules  of  cpiartz,  hornblende, 
ilmenite,  and  apatite.  A  little  interstitial  micropegmatite  occurs 
in  places.  Coarse  carbonate,  chlorite  (pennine),  muscovite, 
sericit-e,  leucoxene,  albite,  quartz,  and  pyrite  are  secondary 
minerals.  The  hornblende  is  the  usual  b^o^^^l  variety,  with 
tremolitic  and  actinolitic  outgrowths,  and  inchides  plagioclase 
laths  and  ilmenit<»,  and  often  is  sub-ophitically  ]KMietrated  by  the 
feldspar.  It  apj)ears  to  have  si^parat^od  from  the  magma  after  the 
ilmenit<*  and  andesine.  Augite  is  rare  or  absent.  Two  genera- 
tions of  feldspar  are  present.  The  first  type  is  highly  sericitized 
and  zoned  plagioclase  (?  andesine).  The  second  type  is  in  the  form 
of  relatively  fresh  laths  of  plagioclase  having  a  refractive  index 
less  than  quartz  and  showing  synmietrical  extinction  angles  of 
1<)°  from  the  twin  lamella',  proving  it  to  be  albite*.  It  ajipears  to 
be  s«»condar)'  and  U>  Ik'  formed  at  the  same  time  as  th«»  micro- 
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pegmatite.  Ortlioclaso  is  iinconimoii.  It  occasionally  includes 
niicroperthitic  albit^.  Many  of  the  quartz-phenocrysts  are  in 
optical  continuity  with  the  micropegmatite,  and  both  are  of  later 
origin  than  the  main  consolidation  of  the  rock.  Ilmenite  is 
largely  altered  t^>  leucoxene. 

No.  100,  Jericho  dyke,  near  Jordan  River,  Jericho. — It  is  an 
even-textured  melanocratic  rock  composed  for  the  most  part  of 
black  plates  and  prisms  of  hornblende  and  occasional  feldspar 
phenocrysts.     A  little  pyrite  occurs  disseminated  through  the  rock. 

Under  the  microscope  it  consists  of  abundant  panidiomorphic 
phenocrysts  of  hornblende — partially  bleached  and  converted  into 
actinolite — mcluding  micropa^cilitically  granules  of  augite,  feldspar, 
and  apatite — and  a  few  phenocrysts  of  clear  albite  and  quartz 
in  a  ground-mass  consisting  of  granular  augite,  euhedral  horn- 
blende and  a  little  ilmenite,  interstitial  quartz,  and  feldspar.  The 
two  latter  mmerals  are  occasionally  intergrown  with  one  another. 
A  little  pennine  and  massive  carbonate  and  a  few  euhedral  pyrite 
crystals  have  been  formed,  but  on  the  whole  the  rock  is  very  free 
from  alteration.  The  original  rock  consisted  entirely  of  horn- 
blende and  augite,  with  a  little  plagioclase  feldspar.  A  more  acid 
residuum  from  the  magma  attacked  the  rock  during  cooling,  with 
the  development  of  quartz  and  albite  and  a  little  carbonate. 

No.  65,  diorite  porphyrite  dyke,  near  Franklin  mine,  south  of 
Wood's  Point. — This  rock  is  composed  of  large  hypidiomorphic 
phenocrysts  of  brown-green  hornblende  in  which  x  and  ij  =  light 
brown  and  z  =  deep  greenish-brown,  prisms  of  clc^ar  feldspar, 
predominantly  albite,  which  surrounds  and  includes  some  of  the 
hornblende,  and  p-seudomorphs  of  sericitic  mica  after  phenocrysts 
of  feldspar  of  rloubtful  nature,  in  a  ground-mass  made  up  of 
idiomorphic  hornblendes,  clear  feldspar  laths,  and  a  little  quartz 
— the  bulk  of  the  latter  being  in  the  form  of  a  granophyric  inter- 
growtii  with  the  feldspar.  A  little  leucoxene  and  idiomorphic 
sphene  replace  the  ilmenite.  A  moderate  amount  of  a  colourless 
or  .slightly  yellow  mineral  in  stellate  and  radial  aggreg?t(;s  is 
distributed  through  the  section.  It  is  apparently  non-pleochroic  ; 
its  polarization  colours  are  less  than  those  of  hornblende,  and  it 
shows  straight  extinction.     It  is  probably  anthophyllite. 
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VViillabv  dyke,  Gaffiioy's  Creek. — Tliis  is  a  rock  of  tlie  normal 
Morning  Star  typo.  Tlie  hornblende  is  the  usual  i)ro\vn  variotv, 
liighly  chloritized  in  ])laces.  and  includinf(  jnueli  skeletal  ilnienite 
and  leucoxene.  Pyrites  replaces  some  of  the  ilnienite.  Tlu^  ])ulk 
of  the  feldspar  is  hii^hlv  sericitized.  Some  of  it  has  a  refractive 
inde.v  less  than  (jnartz,  and  gives  symmetrical  extinction  angles 
of  17  ,  and  is  therefore  albite,  but  soi!i(»  (Tthoclase  is  also  present. 
Pollucid   quartz  and   micropegmatit<^  are  fairly  common. 

Quartz  diorite  porphyrite.  Eureka  dyke,  Walhalla. — This  rock 
is  com])Osed  of  idiomorphic  phenocrysts  of  chloritized  brown  horn- 
blende, prisms  of  greatly  altered  feldspar,  and  some  clear  quartz 
in  a  ground-mass  of  feldspar  laths,  granular  (piartz,  and  horn- 
blende. Ilmenite  and  apatite  are  accessories.  Secondary  minerals 
aie  chlorite,  sericite.  kaolin,  and  a  little  carbonate  and  ])yrit«, 
which  latter  mineral  replaces  ilmenite  foi  tjic  most  part. 

No.  241,  Walhalla  Proprietary  Company  (hke,  lower  adit  level. 
— This  is  a  rock  of  the  Morning  Star  t>^e.  consisting  of  panidio- 
morj)nic  phenocrysts  of  biown  hornl)len(le  greatly  altered  to 
chlorite  and  epidote  with  se|)aration  of  rutile  ov  sphene,  columnar 
crystals  of  greatly  sericitiz(  d.  kaolinized,  and  chloritized  plagio- 
clase,  referable  to  albite  where  its  characters  are  determinate, 
and  clear  grains  of  quartz  in  a  ground-mass  made  up  of  augite 
grains,  hornblende,  plagioclasc  laths,  and  a  microj)egmatiti('  inter- 
growtli  of  quartz  and  feldspar.  Ilmenite  end  a  few  large  crystals 
of  apatite  are  accessoiies.  Tlu  former,  for  the  most  pari,  occurs 
included  in  hornblende,  and  is  usually  altered  to  leucoxene. 
Nomenclature  :   Quartz  diorite   porphyrite. 

Diorite  porphyrite.  Thomson  River  copper  mine,  near  Walhalla 

— Variation   occurs     in     this   intrusioii   front    the    normal   diorite 

porphyrite   to  a   melanocratic   rock  composed   almost  entirely  of 

hornblende   and   a    little    augite.      The    normal     rock,   examined 

microscopically,    consists    of    abundant    panidiomorphie     pheno- 

rysts  of  brown  hornblende,  y  small  amount  of  colourless  augite, 

ind  isolated  phenocrysts  of  clear  orthoclase  and  albite  in  a  matrix 

of     liornblende,    augite,    feldspar,    and     interstitial     ([uartz     and 

iiicropegmatite.     Much  of  the  hornblende  is  converted  marginally 

into  aetinolite,  an(^   the  usual  tremolitic;  outgrowths  are  common. 
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Oertiiin  basal  sections  of  the  liornhlende  exhibit  the  form  (100), 
and  are  tliei^efore  anomalous.  Inclusions  of  augite,  ilmenito, 
leucoxene,  apatit*>  and  feldspar  are  present  in  the  hornblende. 
The  augite  occurs  in  granular  form,  and  rarely  as  phenocrysts. 
Plagioclase,  which  is  albite  or  oligoclase,  occurs  as  hypidiomorphic 
phenocrvsts  which  sometimes  exliibit  both  pericline  and  albite 
twiiming.  They  include  both  hornblende  and  augite,  and  often 
appear  to  be  interstitial.  A  little  sericite  has  developed  in  places 
from  the  feldspar,  but  on  the  whole  it  is  remarkably  fresh.  This 
rock  has  suffered  very  little  alteration.  Some  carbonate  and  a 
little  chlorite,  sericite,  pyrrliotite.  and  pyrite  are  present  in  the 
section. 

.Specimen  No.  220  of  the  same  dyke  has  suffered  greater  n.ieta- 
somatic  alteration.  The  breaking  down  of  tlie  liornblende  is  well 
seen.  Microscopic  veinlets  of  carbonates  traverse  it,  and  patches 
of  cliloritc  have  develo])ed  in  association  with  them.  In  the 
augite  the  carbonate  veinlets  are  arranged  chiefly  along  the 
cleavage  planes,  giving  an  effect  similar  to  the  mesh  structure  in 
serj)entin<'  after  olivine.  Sericite  and  carbonates  replace  some 
of  the  feldspar.  Granular  and  massive  copper  and  iron  pyrites, 
associated  intimately  with  carbonates  and  secondary  quartz,  are 
not  uncommon.  Some  of  the  cpiartz  and  feldspar  crystals  in  this 
section  are  in  optical  continuity  with  the  micropegmatite.  It  is 
probable  they  were  all  formed  at  the  same  time  by  the  squeezing 
of  the  residual  salic  magmatic  extracts  through  the  cooling  rock. 

(c)  Ixitnj/rophyres. — Dykes  of  this  type  are  of  widespread 
occurrence.  liOcally — as  near  Gaffney's  Creek,  Wood's  Point, 
Matlock,  and  Jericho — they  ic^ach  great  development.  From  the 
surface  to  a  depth  of  about  \()()  ft.,  on  an  average,  and  in  places 
to  'MM)  ft.,  they  are  so  ])adly  weathered  tliat  thin  sections  cannot 
be  cut  to  determine  their  petrological  characters  ;  consequently, 
it  is  generally  only  when  auriferous  veins  have  been  worked  in 
them  or  when  they  have  V>een  intersected  in  mining  operations 
that  unweathered  Kp'cimens  for  sectioning  can  be  obtained.  In 
hand  specimens  they  are  normally  green  or  grey  fine-grained  or 
aphanitic  rocks.  Petrolofjically  they  appear  to  be  mica  and  honi- 
})lende  lamprophyres  fnr  the  most  part.     \Vlien  they  expand  int/) 
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the  so-called  dyke-bulges  they  grade  into  diorite  porphvrit^s  of 
tlie  Morning  Star  type.  Their  ground-mass  is  usually  pilotaxitic 
or  trachytic,  and  sometimes  microcrystalline.  In  certain  cases 
it  is  clearly  devitrified  glass.  Vesicles  are  common  in  some 
specimens.  Micrographic  intergrowths  of  quartz  and  feldspar  are 
very  rare  in  these  rocks.  They  are,  without  exception,  more  or 
less  altered,  and  occasionally  the  alteration  has  been  so  severe 
that  their  original  charactxns  are  indeUu-mmatt\  They  generally 
contain  or  are  associated  with  cpiartz- veins  which  frequently  occur 
in  the  form  of  floors  or  ladder  veins. 

Hornblende  mica  lamprophvre  (minette),  Morning  v^tar  dyke, 
width  (.)  ft.,  from  immediately  soutli  of  tlie  dyke  expansion. — 
A  tiiin  section  of  the  rock  shows  that  it  consisted  originally  of 
phenocrysts  of  brown  hornblende,  feldspar — predominantly  ortho- 
rlase — biotite,  and  a  little  cpiartz  in  a  ground-mass  made  up  of 
prisms  of  orthoclase,  flakes  of  biotite.  and  grains  of  quartz  and 
ilm(Miit<^.  No  hornblende  remains,  although  its  characteristic 
outlines  are  preserved  in  pseudomorphs  of  granidar  carbonates 
aiKl  chloritrf>  with  a  little  quartz.  Carbonates  and  a  little  chlorite 
and  quartz  replace  most  of  the  biotite.  A  small  (quantity  of 
euhediai  magnetite  has  separated  from  the  biotite  as  a  result  of 
the  alteration.  The  ])lagiocla8e  a])pears  to  be  chiefly  albite- 
oligoclase.  Aggregates  of  sericite,  carbonates,  and  ([uartz  replace 
it  and  the  orthoclase.  Microscopical  grains  and  crystals  of  pyrite 
have  been  freelv  developed.  They  displav  a  preference  for 
chlorite  areas,  and  in  such  cases  are  euhedral.  When  replacing 
leucox(Mie  or  ilmenite  they  are  usually  in  anh<»dial  grains. 

No.  .140,  li()rnl)lend«'  lanipropliyre  (spessaitite),  Luck's  All 
dyke,  Warner's  CVeek.  near  Knocirs  l\)int.  An  even,  medium- 
grained  rock,  dark  in  colour,  made  iij>  almost  entirely  of  cJdoritizi'd 
laths  and  prisms  of  feldspar  wliich  is  cliiefly  plagioclase-andesine 
t^'|>e.  (^uaitz  is  very  rare.  Microjx'gmatit^'  is  absent.  Skeletal 
crystals  of  ilmcnit**  partially  rhangcMl  t(i  l<'Ucoxen«'  and  partially  re- 
placed l)V  ])\Tit^'  an^  common,  l^cnninc  with  a  little  carl>onat<',  is 
tlie  usual  altH'ration-])rodu<t  «)f  tlie  hornbliMuh  and  sericite  with 
occasioiud  crystals  of  zoisite  of  the  hddspars.  The  fehlspar  laths 
|)f;netrat4'  the  hornblen<h'  crystals  ophitieallv  in  parts  of  th«*  8<»ction. 
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Htniibloi.do  l;inipropliyre,  No.  6,  ()(X)-ft.  le\ol  below  main  adit, 
Rosv'  of  Oenmark  mine,  Gaffney's  Creek. — Tliis  is  a  holocrystallino 
leiK'ocratic  rock,  consisting  of  plienocrysts  of  feldspar,  pseudo- 
morplis  (»f  clilorite  and  carbonate  after  liornblende,  and  qnartz 
in  a  greatlv  altcn^d  irnumd-niass,  part  of  which  is  in  the  form  of 
micropejjjmatitc.  Phi«jioclase  (albite)  predominates  over  ortiio- 
chisi».  Tlie  hitkT  mineral  is  jiartially  replaced  by  rhombs  of 
car]>()iiato  and  Hakes  of  S(^ricite.  Abundant  leucoxene  and  a 
little  pvi-it(^  replace  the  ihnenito.  Needles  of  apatit<^  are 
]>lentiful. 

Specimen  No.  •"),  micaceous  dyke  (?  mica  lamprophyre),  No.  5 
level,  Ros(^  of  Denmark  mine. — No  femic  minerals  remain,  and  the 
feldspar  is  iudt^ti'rminable  owii\g  to  extreme  sericitization. 
Numerous  Um<i  riirved  Hakes  of  white  mica,  which  include  rutile 
and  an^  ^Mi^atK-  leplaced  by  caj'bonate  and  elliptical  grains  of 
quartz  alon«;  the  cleavage  planes,  are  secondary  after  original 
biotite.  A  moderate  amount  <tf  gi'anular  quartz,  partially 
sericitizcd  and  carbonat<^d,  occurs  in  the  section. 

No.  .12,  hornblende  mica  lamprophyre  (camptonite),  850-ft. 
level,  Al  miiK?  :  analysed  specimen. — This  rock  shows  considerable 
siniilaritv  in  rextun^  and  mineral  composition  to  the  Morning 
Star  and  .Vew  Loch  b\ne  dykes,  l)ut  is  finer-grained  and  more 
alt(^red  than  tlie  average  specimens  of  these  ro{;ks.  The  horn- 
blende is  generally  bleached  and  gieatly  leplaced  1)y  ])ennhie 
and  carl)onates.  Laths  of  ])lagioclase  are  included  in  the  horn- 
blende. Kv])idiomor|)hie  j)risms  and  latlis  of  much  ?Jericitized 
feld*spar  are  ccnnmon.  Determination  of  its  specific  charactei:B 
is  difbeult.  ft  a])pear8  to  be  chiefly  acid  plagioclase  with  some 
orthoclase.  An  interesting  feature  of  the  rock  i«  the  presence  of 
abundant  hexagonal  sections  of  grc^vish-black,  Memi-translu(;ent 
leueox(;ne.  which  replace  ilmenite.  They  arc  often  in  skeletal 
growths  showing  the  charact<uistic  triangular  parting.  Granular 
pyrit^j  rejilaces  much  of  the:  leucfixene.  In  only  one  place  in  the 
section  is  pvrite  wparated  from  leucoxene.  Some  micropegmatite 
and  quartz  are  als^)  present.  Abundant  pcnnine  and  carbonat(^8 
and  some  fimrw'iUt  have  been  developed  at  the  (^x|)ense  of  the 
original  minerals. 
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Some  of  the  ilinenite  and  leucoxeue  were  separated  from  portion 
of  the  crushed  rock  after  passinjjj  through  the  1  mm.  sieve  by  means 
of  ])romoform  and  an  electro-magnet,  and  examined  chemically. 
In  addition  to  FeO  and  TiOo  in  the  ilmenite,  a  small  quantity  of 
MnO   was  also  det^ct<'d. 

A  little  of  the  leucoxene  was  dissolved  on  a  lid  of  a  jilatinum 
cnicible  in  2  or  3  drops  of  HF,  and  dilute  Ho8()4  was  added  in 
excess.  Some  of  the  solution  was  transferred  to  a  glass  slip  and 
evaporat-ed  to  dryness.  Abundant  prisms  and  needles  of  gypsum 
were  formed,  proving  the  presence  of  CaO.  Reactions  were  also 
obtained  for  FeO,  TiO,.  and  SiOo. 

No.  .T17,  coarse  micaceous  dyke,  mica  hornblende  lamprophyre 
(camptonit<?),  7()0-ft.  kn'ol,  A  1  mine. — Hornblende  has  vanished 
from  this  ro(;k.  Its  place  is  taken  by  chlorite,  carbonates,  and 
leucoxene.  Traces  of  biotite  remain.  ])ut  the  bulk  of  it  has  been 
replaced  bv  carbonates,  chlorit^^',  and  lenticles  of  quartz. 
Sagenitic;  webs  of  rutile  occui'  in  the  altered  biotite.  The  feldspars 
are  replaced  in  part  by  chlorite  and  carbonates,  but  sericite  is 
uncommon.  The  usual  pennine  and  carbonates  ])ermeate  the 
rock,  and  occasional  grains  of  pyrite  are  disseminated  through  it. 

No.  .T2.3.  aphanitic  dyke,  stopes  below  SoO-ft.  level,  in  vicinity 
of  rich  on*.  A  I  mine. — In  hand  specimen  this  is  a  very  dense  rock, 
containing  numercms  patches  of  a  green  mineral.  Extreme 
alteration  (carbonation  and  st^ricitization)  mask  the  charact-crs 
of  the  rock.  None  of  the  original  minerals,  with  the  single  excep- 
tion of  ilnuMiite,  remain.  Dense  aggregat<'s  of  dusty  carl>f)nat<»s, 
laths  of  sericite,  and  a  little  rpiartz,  pyrite,  and  chlorite,  replace 
the  rock.     Veinlets  of  (piartz  with  some  carbonate's  traverse  it. 

Mica  lamprophyre  (?  cam])tonite),  Alabama  mine,  Ten-Mih*. — 
This  is  a  grey-coloured,  v<'sicular,  fine-graiiKnl  rock.  Grains  of 
pyrite  arc  <lis.seminat<<'d  through  it.  Microscopically  it  is  a  line 
and  even-textured  greatly-alt«^red  rock,  consisting  mainlv  of  laths 
of  albitc.  flakes  of  wliitc  mica  secondarv  after  biotit^^,  grains  of 
clear  (juartz,  and  abundant  diss<'minat.f!d  carlxmat^^'s  ajid  st^ricite. 
^mall  patches  of  chlorite  are  ]>resent.  and  grains  of  ilnienite, 
Irnroxene,  and  pvrit<*  are  not  uncommon.  The  vesicles  are  filled 
with  bladed  radiating  magnesit<»  and  lin«Ml  with  grains  of  (juartz. 
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Mica  lamproph\Te.  Hunt's  dyke,  Gafitiiev's  ('ivek. — As  usual, 
the  ori<]:inal  cliaracters  of  tlio  rock  are  greatly  masked  by  the 
ubiquitous  development  of  car})onatcSj  sericite,  chlorite,  and 
serjx^ntiue.  Phenociysts  of  biotite,  apparently,  were  common  in 
the  orisfinal  rock.  They  are  now  almost  entirely  replaced  by 
chlorite,  serpentine,  white  mica,  and  "  sagenite  webs  "  of  rutile. 
Traces  of  h^ldspar  crystals  preserved  in  sericite  and  carbonates 
ai*e  recognizable.  Laths  of  feldspar  were  a])parently  abundant 
in  the  groimd-mass  of  the  rock.  The  numerous  rounded  and 
lenticular  vesicles  present  in  the  section  are  filled  with  (jurrtz  and 
a  little  carbonate,  and  lined  with  sericit/C. 

No.  J24,  Knowle's  dyke,  adit  level,  Enoch's  l*oint. — A  grey- 
coloured  aphanitic  rock  in  wliich  no  minerals  are  recognizable  in 
hand  sjK'cimen.  The  orighial  rock  was  fine-grained  and  uon- 
pori'yhvritic,  and  consisted  essentially  of  small  ])rismatic  crystals 
of  hornl)lende  and  laths  of  feldspar,  apparently  acid  plagioclase. 
Quartz  pro])ably  was  absent.  Dust}^  and  granular  carbonates  and 
isotropic  j)cnnine  replace  the  liornblende  and  some  of  the  feldspar. 
Sericite,  pyrite.  and  (piartz  arc  present  in  small  (piantity.  Nomen- 
clature :  Hornblende  lam])ro])hyre. 

No.  J20.  vesicular  dyke,  unknown  mine,  lower  adit  li^vel,  Enocli's 
Point, — Originally  a  very  fine-grahied  vesicular  rock,  in  wliich 
porphvritic  crystals  were  absent.  Apparently  the  rock  was  com- 
posed almost  entirely  of  microlitic  laths  of  feldspar  and  horn- 
blende, and  ])ossil)ly  s(»m<'  biotite^  (Quartz  is  very  rare. 
Ubiquitous  aggregates  of  dusty  carbonate  and  sericite,  with  a 
little  ehlorit^?  and  c^uartz,  now  replace  th(^  rock.  Th(^  vesicles 
ari'  fdlcd  with  <[uartz  and  carbonates. 

Other  narrow  dykciS  of  a  similar  nature  which,  have  been 
aectioned  and  examined  are  the  Georgia,  Little  Comet,  Cohen's, 
Argyl*'  (near  Jericho).  Kxcelsior  (Blue  Jacket  Creek),  Working 
Miners'  (near  Kevington).  and  on*-  fioni  Camp  Creek,  a  hi-anch 
of  the-  Al>erfeldy   River. 

{(1)  Gahhro  Porphyritcs  (ind  HumUa.  — Tiie  only  ro('ks  of  this 
type  known  to  the  writ^M-  from  this  belt  oecur  at  the  Tubal  Cain 
and  Eureka  mines,  and  at  locality  No.  24  on  Mr.  Herman's  map 
of  the  Walhalla  distrirt  fXf».  2.*>).     The  marginal  variation  of  the 
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Morniiig  Star  dyke  is  also  a  quartz  gabbro  i)orphyrite.  Aurifeioua 
quartz-veins,  which  have  yielded  a  moderate  amount  of  gold,  occur 
in  tliese  rocks  at  the  Tubal  Cain,  Eureka,  and  Morning  Star  mines. 

The  Tubal  Cain  pipe  interiorally  is  a  medium-grained  grano- 
ph\Tic  gabbro  porphyrite,  but  the  greater  part  of  the  intrusion  is 
composed  of  a  dense  black  rock  of  basaltic  composition. 
Occasional  aplit<?  dykes  and  veins  of  epidote,  chlorite,  carbonate, 
and  ([uartz.  in  addition  to  the  auriferous  quartz-reefs,  intersect 
the  intrusion. 

Specimen  No.  229,  granophyric  quartz  gabbro  porphyrite, 
C'Oronation  mine,  Tubal  Cain  dyke. — This  is  a  medium-grained 
melanocratic  rock  showing  porphyritic  crystals  of  augite  and 
occasional  biotite  flakes  and  feldspar  in  hand  specimen.  A  thin 
section  of  the  rock  is  composed  of  abundant  large  hypidiomorphic 
phenocrysts  of  zoned  and  simply  twinned  titaniferous  brown 
aufjite.  ragged  prisms  of  much  altered  biotite  which  is  penetrated 
sub-ophitically  by  plagioclast^  laths  in  places,  and  occasional 
phenocr}'sts  of  greatly-altered  feldspar  hi  a  ground-mass  com- 
po.-^'d  hrgely  of  interstitial  (piartz  and  feldspar  in  granophvTic 
intergrowi;h.  Hornblende  is  absent.  Ilmenite  and  leucoxene  are 
common  as  inclusions  ia  the  biotite.  Much  of  the  feldspar  is 
highly  S(iricitized,  making  determination  of  its  cliaracter  diflirult. 
It  appears  to  be  chiefly  labradorite,  l)ut  a  littler  albite  now  replaces 
some  of  it.  One  plumocryst  of  un twinned  felds])ar  appears  to  be 
ortlioclas<^  Cidorit<'  and  a  little  epidote  rej)lace  portion  of  the 
augit-e  and  biotite,  and  veinlets  of  chlorite  and  carbonates 
trav«^rse  the  section. 

Gabl)ro  porphyrit<',  marguial  variety  of  Morning  Star  dyke, 
near  west  wall.  3(K)-ft.  level. — ^This  is  a  holocrystalline,  porphyritic 
considerably-alt-ored  rock.  It  diflers  from  tlu'  normal  diorite 
])orphyrite  in  that  hornblende  is  ran*  and  augite  ph'ntiful,  and  in 
the  <omparative  rarity  of  (juartz  and  the  absences  of  acid  feldspar. 
The  augite.  is  a  titaniferous  variety,  (x-curring  mostly  in  ])<>i- 
piivritie  phenocrysts  often  ])eiietrated  ophitically  by  SiMicitizod 
latlis  of  plagioclase.  It  is  simply  twinned,  and  has  a*  very  low 
axial  angle.     Basiil  sections  give,  a  figure  which  is  alniost  that  of 
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ji  uniaxial  luiuoral,  aiul  (leteviuiualion  of  its  sign  shows  it  to  bo 
-l-''^.  It  sliows  »iiaxiiniini  extinction  angles  of  43°  from  the 
prismatic  cleavage.  The  stages  in  the  breakdo\\ni  of  the  aiigite 
are  clearly  s^hmi.  Interlacing  veinlets  of  carbonates  traverse  it 
along  cleavage  planes  and  other  cracks,  and  marginally  its 
boundaries  are  ofte?i  irregidar  owing  to  replacement  by  carbonates. 
Brown  hornblende  occurs  in  places  in  the  section  fringhig  the 
augit4?,  and  a  little  biotite  is  also  present.  The  original  feldspar 
was  a  zoned  basic  plagioclase,  giving  maximum  extmction  angles 
of  42°  from  the  twin  planes,  showing  it  to  be  bytownite  or 
anorthite.  Abundant  sericite  and  a  little  chlorite  and  carbonate 
rej)lace  it.  Skeletal  crystals  of  ilmenite  are  common.  Sericite 
and  carbonat<^s  iiave  been  developed  on  a  grand  scale,  and  replace 
most  of  the  minerals  of  the  original  rock,  but  chlorite  is  rare. 

Granophyric  gabbro  porphyrite,  marginal  variety  of  Morning 
Star  dyke,  east  wall.  No.  3  {400-ft.  level). — This  section  shows 
more  brown  hornblende  than  the  previous  one,  and,  in  addition, 
long  wisps  of  bleached  biotit-c^,  chlorite,  and  epidote  are  fairly 
common.  The  felds]>ar  is  a  zoned  acid  labradorite,  with  a  little 
orthoclase.  'i'he  augitc  has  the  usual  fringe  of  hornblende  sur- 
rounding it,  and  apparently  is  not  so  easily  chloritized  as  the 
hornblende.  Quartz  is  rare  except  in  granophyric  intergrowth 
with  felds])ar. 

Specimen  No.  *>,  ]>orphyritic  basalt,  lower  arlit  level,  Coronation 
mine,  Tubal  Cain  dyke  ;  analysis  specimen. — In  hand  specimen 
this  is  a  den.s<^  black  rock  of  basaltic  appearance.  In  thin  sectioi\ 
it  is  compo.scd  of  large  hypidiomorphic  phenocrysts  of  brown 
pleochroic  augit<^  in  a  pilotaxitic-  ground-juass  consistirig  of 
lericitiziul  y)lagioclas<t  laths.  cldoritizcHl  and  carbonatc^d  graimles 
of  augite,  a  little  biotite,  and  abundant  magnetite  or  ilmenite 
dust.  Veinlets  (tf  chlorit^i  and  carbonat'<^  with  a  little  (juartz 
intersect  the  rock.  The  breakdown  of  th(i  augito  has  been  initiatt^d 
by  veinlets  r»f  rarbonaU?  which  occur  along  cracks  and  cleavage 
planes  in  the  mineral.  Patfhes  of  chlorite^  and  soiru^  dusty 
car^M-uiates  are  dis.s«tminat/ed  tli rough  flu;  ir)ck,  and  a  little 
secondary  cpiartz  is  als<t  pn^wjit. 
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Specimen  No.  :;|.  Coronation  mine.  Walhalla. — It  consists  of 
large  porphvritic  phenocrysts  and  clusttMS  of  crystals  of  simply 
and  polysynthetically  twinned  titaniferous  augite  in  a  linc-grauied 
mass,  consisting  of  rod-liko  microlitcs  of  greath  sericitizcd  ])lagio- 
clast'  near  lalnadoritc.  traces  of  l)iotite,  and  magnetite  <hist. 
Qnartz  is  absent.     Chlorite  replaces  some  of  the  augite. 

Specimen  Xo.  '2'2'-k  vein  in  Tnbal  Cain  dyke.  —The  vein  is  cuni- 

posed  almost  entirely  (»f  calcit^.  chlorite,  and  epidote  in  alternate 

bands,   with  a   little   t|nartz  and  zoisite.     The  epidote  occnrs  in 

hv])idiomorphic     lemon-yellow     crystals,     liaving    distinct     basal 

-cleavage,  and  is  referal)le  to   ''  pistacit<^" 

An  analy.sis  of  the  Tnbal  Cain  basalt  gave  th<;  following  result. 
Appended  for  purpose  of  comparison  is  an  analysis  of  an  l'p}»er 
l^ala-ozoic    basalt    from    Mount    Wcllinixton. 


SiO., 
AUO, 
Ke..(K, 
FeO   .. 
MgO 
CaO   .. 
K  ,() 
Na..O 
H.,0- 

hIo- 

TiO.. 
FeS.. 

ro..  ... 

100. G7  Kklk; 

J.     I'orphyritic  basalt,  lower  adit  level,  ('uronatioii   mine,   I  ul»;il    ('jiin  «lyko; 
Analyst,  \.  I'      lunner       Aiiier.  Class.,  Auvt-rgnose 

2       Falnozoic     has.vit,     Moroka     snow     jilains.    MduuI    W  lUiiicton ;      analvKt, 
G.  Anipht.  (No   48,  p    2r,7  » 

l^asalt    dvke,    ior-alitv    Xo.   21    ou    Mr.    Herman's     mki|)   ol     the 

W'alhalla   district.      .\    tunnel   through    ibis  dvkc,   t)stcnsibly   with 

the  view  of  working  «|uartz  reefs  (which,  ac«'ording  to  local  minors, 

occurre<l  on    th<>   walls    <if    the  dvke),  shows    it    to   \)o    a    little- 

h'comp<»s«'d   denw   black   basaltic   rock.     An   aplit4»   vein   '2  in.   in 
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49.07 

49.35 

11.88 

17.61 

1.64 

1.50 

8.27 

9.72 

7.58 

3.17 

8.17 

7.70 

1.05 

1.56 

2.87 

3.10 

2.21 

2.56 

0.48 

0.65 

1.4(i 

2.83 

0.18 

0.07 

abs. 

0.34 

tr. 

— 

2.81 

— 
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width  intersects  the  dyke  in  one  phico.  bnt  tlio  writer  saw  no 
signs  of  qnartz-veins. 

A  thill  section  of  this  rock,  viewed  nnder  the  microscope, 
consists  of  abundant  porphyritic  h}q)idiomorphic  phenocrysts  of 
lieht  ])rown  titaniferous  augite  and  smaller  and  less  numerous 
phenocrysts  of  altered  olivine  in  a  fine-grained  ground-mass  made 
up  of  lath-shaped  microlites  of  labradorite,  granules  of  augite, 
and  dustv  ibiienite  and  magnetite.  Feldspar  plienocrysts  are 
absent.  The  augit<>  is  often  twinned  and  sometimes  zoned.  It 
is  relatively  free  from  alteration,  but  a  little  chlorite  locally 
re[)laces  portion  of  it.  The  olivini^  is  more  altered.  The  usual 
alt-<^ration  of  tliis  mineral  is  to  talc,  with  separation  of  hematite. 
Occasional  vehilets  of  chlorite,  traverse  the  section. 

Mr.  Herman  (Xo.  2:>.  ]).  21)  has  suggested  the  possibility  that 
this  dyke  belongs  to  the  period  of  the  so-called  01d(^r  Volcanic 
(?  Eocene)  lava-tiows  of  the  district.  Quartz- veins  are  associated 
>\'ith  this  dyke,  and  Mr.  Herman  further  suggests  the  possibihty 
that  deposition  of  quartz  may  have  continued  to  Tertiary  times. 
However,  the  petrological  cliaracters  of  this  dyke  sliow  clearly 
that  it  is  closely  lelat-ed  to  tlie  Tubal  Cain  basalt,  which  grades 
into  a  granophyric  gab])ro  j)orphyrite  intersected  by  auriferous 
quartz-veins  and  associated  with  the  usual  metasomatic  alteration 
characteristic  of  tlie  Devonian  igneous  rocks  of  this  ])elt. 

Specimen  No.  204,  upper  tunnel.  Eureka  mine,  near  WalhaUa. — 
It  is  composed  of  numerous  ])henocrysts  of  zoned  titaniferous 
auffite — pleochroic,  pink  to  delicate- violet  colour — -in  a  holo- 
crystaliine.  fine-graiiuul  grouiid-mass,  consisting  of  rod-like 
niicroUt(?s  of  plagioclas<.'  fekls})ar,  augite,  and  ilmenit(^  grains. 
In  part  of  the  sc^ction  the  rock  is  coarser  grained,  and  some 
8«<ondary  interstitial  micro  pegmatite  is  prescmt.  The  feldspar  is 
grratly  sericitiz<;d  and  in  part  cbkMitiz<'(I,  and  determination  of 
its  pn'cm*  characterB  is  then^fore  difficult.  Tlilorite  (pennine)  is 
fairly  common.  It  nq>kac<?s  some  of  tjic  augite,  A  little  dusty 
farl»onate  is  often  asw»ciat(!d  with  it.  Lcuicoxene  replaces  tho^ 
bulk  of  th^'  iim^Miite.  This  rock  n'.s(anl)l<'s  closely  the  Tuba! 
f 'nil    l.,'i'*alt . 
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(e)  Ultrabasic  Rork'K  {Peridotite  and  Perknites). — These  aro  heavy, 
histroiis,  black  rocks  in  which  the  femic  minerals  hornblende, 
augite,  biotite,  and  olivine  reach  their  maximum  development. 
They  occur  as  lenticular  intnisions  up  tr»  ;^00  ft.  in  width,  con- 
forming closely  to  the  strike  of  the  strata. 

Petro logically,  the  followuig  types  have  been  recognized  :  — 
Hornblende  peridotite.  near  Aberfeldy  ;  hornblende-pyroxene 
rocks,  from  Kelly's  (•o])])er  mine  dyke,  near  Walhalla,  and  from 
east  of  Toombon  ;  hornblendites.  from  Thomson  River  cop])er 
mine  and  the  Shamrock  dyke  near  "Wood's  Point. 

Except  in  the  case  of  the  Aberfeldv  peridotite,  a  little  inter- 
stitial quartz  and  alkaline  feldspar  are  always  present  in  these 
rocks.  Small  quantities  of  magmatic  sulphides,  pyrrhotite, 
chalcopyrite,  and  pyrit^  occur  disseminated  through  them,  but 
in  only  one  case — namely,  the  Thomson  River  copper  mine — has 
the   percentage   of  cop])er  justified  the   working  of  them. 

Numerous  assays  carried  out  from  time  to  time  at  the  Mines 
Department's  laboratories  have  proved  the  invariable  presence 
of  small  amoimts  of  platinum  in  these  rocks.  Payable  auriferous 
(jiiartz-veins  are  not  found  in  them,  although  a  little  gold  appears 
to  be  contained  in  the  sulphide  impregnations. 

Hornblende  peridotit<'.  Frenchman's  GiUly,  near  Aberfeldy. — 
(Vedit  for  discovering  this  rock  is  due  to  Mr.  W.  Baragwanath. 
who  located  it  during  his  suivey  of  this  area.  Tt  is  a  medium- 
grained  black  rock  showing  f)henocrvsts  of  hornblen(k\  biotite, 
and  occasionally  augit^*  in  hand  specimens.  Coarser-grained 
varieties  exhibit  lustn^-mottling,  due  to  inclusions  of  olivine, 
augite,  ami   biotite  in   the  hornblende. 

Microscopically,  the  rock  is  composed  of  abundant  olivine  and 
brown  hornblende  and  lesstM*  amounts  of  biotite.  augit^,  magnetite-, 
and  apatite,  together  with  the  secondary  minerals  talc,  serpentine, 
chlorite,  and  carbonates.  Most  of  the  olivine  is  present  in 
elliptical  and  rounderl  grains,  probably  due  to  partial  resorption 
by  the  magma.  Freque^itly  it  is  altered  to  colourless  talc  with 
tho  separation  of  magnetite  dust,  which  diffus<\s  outwards  in  the 
form  of  a  cloud  to  the  edges  of  the  original  (crystals.     Much  of 
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tlio  olivine,  however,  has  altered  to  yellow  and  groeii  serpentine, 
whieh  sometimes  shows  tlu^  characteristie  *'  mesli ''  strnctnre. 
The  hornblende  occurs  in  ra<]jged  ])henocrvsts  micropoecilitically, 
includhig  olivine,  augite,  biotite,  and  apatite.  Apart  from 
tremolitic  and  actiuolitic  outgrowths  and  a  partial  bleaching,  it 
has  suffered  little  alteration.  A  little  chlorite  replaces  it  in  part. 
Th(^  biotite  occurs  ui  deep  brown  to  almost  colourless  plates  and 
|)rismatic  laths.  It  is  much  bleached,  and  some  serpentine  and 
chlorite  and  a  little  carbonate',  replace  portion  of  it.  Colourless 
hypidiomorphic  crystals  of  augite  are  not  uncommon.  They 
show  little  or  no  alteiation.  Orthorhombic  pyroxenes  are  absent. 
One  chloritized  and  kaolinized  phenocryst  of  acid  plagioclase  is 
present  in  this  section,  but  other  slides  show  no  sign  of  feldspar. 
Of  the  alteration-products,  talc,  serpentine,  chlorite,  and  mag- 
netit*i  are  most  abundant.  Some  coarse  crystals  of  carbonates 
associated  with  magnetite  are  also  present. 

An  analysis 
results,  viz.  : — 


)f    this 

rock  (No.   1, 

p.   ()3)    gave    the  following 
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41.43 

Al,03 

5.92 
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MgO 
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CaO 

4.31 
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0.35 

H0O  + 
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H^O- 

0.32 
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0.60 

CO.; 

0.38 

Mnb 

0.42 

PoO 

0.24 

S63  ' 

nil. 

CI 

tr. 

Cr^O, 

0.31 

NiO 

0.03 

CoO 

tr. 

liaf) 

nil. 

Total 


100.50 
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Special  features  of  this  analysis  ar«»  t\n^  very  low  percent  agea 
of  silica,  alumina,  and  alkalies  which  are  retiected  in  the  rarity  of 
feldspar  and  the  very  high  percentages  of  MgO  and  HgO,  due  to 
the  abundance  of  talc  and  serpentine  derived  from  the  olivine. 
No  chromium  mineral  was  recognized  in  thin  sections  of  the  rock. 

Perknites. — ("ertain  i)lack  rocks,  liaving  a  liigh  specific  gravity, 
and  made  up  almost  entirely  of  hornl>lende  or  colourless  augite, 
or  both,  are  found  in  places  in  this  })elt.  They  contain  no  olivine 
or  rhombic  pyroxene  and  very  little  feldspar,  and  agree,  tlierefore, 
wirli  Turner's  definition  of  perknite  (No,  50,  p.  507). 

Hornblende -pyroxene  rock,  Kelly's  copper  mine,  near  Pal- 
ilalia.— This  rock  occurs  as  an  intrusive  pipe  in  a  small  gully  on 
the  eastern  bank  of  the  eastern  branch  of  Stringer's  Creek,  near 
Maidentown.  At  tlie  surface  exfoliated  })Oulders  of  the  rock, 
stained  with  malachite  and  azurite,  are  common.  Small  (piartz- 
veins,  containing  threads  of  yellowish-white  asbestos  of  no 
economic  importance,  intersect  the  rock  in  places. 

Specimen  No.  275  is  black  in  colour  and  coarse-grained.  It 
appears  to  consist  chiefly  of  black  lustrous  crystals  of  hornblende 
and  pale  green  augite.  A  thin  section  of  the  rock,  examined 
microscopically,  is  composed  almost  entirely  of  colourless  mono- 
clinic  pyroxene  and  bro^v^\  hornblende  in  approximately  equal 
amounts,  and  their  alteration-products  chlorite,  talc,  and  ser- 
])entine.  A  few  flakes  of  chloritized  biotite,  a  crystal  or  two  of 
highly-sericitized  feldspar,  and  a  little  ilmenite,  magnetite,  and 
apatite  complete  the  rest  of  the  section.  Olivine  is  absent.  The 
hornblende  occurs  in  fairly  large  euhedral  plates,  and  includes 
mimerous  rounded  grains  of  augite,  giving  a  fine  example  of 
micropoDcilitic  structure.  vSome  green  hornblende  (actinolite)  is 
also  present.  The  normal  mode  of  occurrence  of  the  augite  is  in 
relatively  small  prisms  and  rounded  grains.  Tt  gives  extinction 
iiigles  up  to  50^,  and  is  often  simply  twinned. 

An  analysis  made  of  this  rock  by  the  writer  gave  the  following 
result.  Appended  for  comparison  is  an  analysis  of  a  similar  mck 
described  bv  E,  O.  Thiele  from  near  Mount  Wellington  (No.  48, 
p.   257). 
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17.21 

51.87 
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5.28 
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2.29 

FeO 

8.05 
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MszO 

18.69 

22 .  52 

CaO 

12.92 

8.71 

K.O 

0.24 

0.31 

Na.,0 

0.55 

0.47 

H.,()+       .. 

2.69 

0.97 

h"o        .. 

0.74 

0.17 

PoO. 

n.d. 

tr. 

Mn() 

0.22 

0.10 

TiO., 

0.65 

tr. 

CO., 

abs. 

(Vj),        .. 

0.19 

0.21 

(Ni(o)O    .. 

0.07 

0.21 

S    . . 

0.09 

— 

rii  . 

0.06 

Totals  100.50        100.54 

1. — 11  oniblende- pyroxene  rock  (perknite),  Kelly's  copper  mine,  near  \\  alhalla  ; 
analyst,  N.  K.   hinner 

2.--Rock  from  near  -Monument  (lap,  -Minint  Wellington;    analyst,  G.  Ampt. 

The  extremely  low  percentages  of  alkalies  and  alumina  in  tlie 
Walhalla  rock  are  in  keeping  with  the  extreme  scarcity  of  feldspar 
in  it.  The  relatively  high  percentages  of  MgO  and  CaO  show 
that  the  augite  and  hornblende  are  rich  in  these  bases.  The 
atigite  is  apparently  malacolitCj  a  variety  lich  in  CaO  and  MgO 
and  poor  in  AlgO,. 

Specimen  No.  178.  lionihk'iide-jjyroxcjie  rock,  about  one  mile 
east  of  Toombon.-  This  rock  occurs  as  a  lenticular  pipe-like 
intrusion,  having  a  If^ngth  of  about  900  ft.  and  a  maximum  width 
of  about  'MH)  ft.  It  appears  to  vary'  in  composition  from  a  diorite 
or  gabbro-porphyrite  to  a  liornblende-pyroxene  rock,  with  very 
little  felds|)ar  and  quartz.  It  is  locally  impregnated  witli  chalco- 
pyrite  and  pyrite,  and  stains  of  malachite  and  azurite  are  not 
uncommon  at  the  surface.  Tn  thin  section  large  hypidiomorphic 
phenocrysts  of  honiblenrle  and  colourless  granular  lime-rich 
pyroxene  constitute  the  greater  bulk  of  the  rock.  A  little  inter- 
stitial    albite.     quartz     and      micropegmatit/e,    some     accessory 
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apatite  and  ilmenite^  and  the  secondary  minerals  chlorite,  car- 
])onates,  leucoxene,  and  pyrites  complete  the  section.  Tlie  horn- 
blende is  variously  coloured.  It  is  typically  brown  in  tlu^.  large 
anhedral  plates,  and  marginally  green  or  colourless.  The  bro\\'n 
hornblende  is  often  surrounded  by  a  zone  of  dee])  sea-green  colour, 
which  passes  outwards  into  colourless  jagijed  fibres  of  treniolite 
{vule  microphotograph,  pi.  III.,  fig.  7).  Occasional  hornblende 
phenocrysts  are  anomalous,  in  that  they  show  the  form  (KK))  and 
the  absence  of  the  usual  form  (010)  after  anthophyllite.  Fine 
micropoecilitic  inclusions  of  augite  and  ilmenite.  and  an  occasional 
one  of  plagioclase,  occur  in  the  hornblende.  Augite  occurs  in  colour- 
loss  grains,  which  are  sometimes  idiomorphic  and  simply  twinned. 
The  little  feldspar  that  is  present  appears  to  be  entirelv  acid 
plagioclase  (albite),  exhibiting  both  albite  and  periclinc  twinniii<r. 
Quartz  is  uncommon,  and  appears  to  be  mainlv  secondary. 
Chlorite  is  fairly  abundant  ;  it  replaces  some  of  the  hornblende 
jiiid  augit't\  Minute  grains  and  veinlets  of  chalcopvrite  and 
jiyrite  occur,  veining  and  encrusting  the  hornblende,  augite.  and 
|)laf:ioclase  of  the  original  rock.  They  are  intimatelv  associated 
with  carbonates  and  chlorite,  and  are  apparently  of  the  same 
])eriod  of  generation. 

New  Loch  Fyne,  copper  and  platinum-bearing  dyke. — This  rock 
occurs  on  the  west  side  of  the  normal  New  Jjoch  Fyne  dvke.  Its 
characters  can  l^est  l>e  studied  in  a  crosscut  from  the  main  Xo.  f) 
adit  level.  It  is  here  separated  from  the  normal  dvke  bv  a  narrow 
band  of  indurated  and  metasomatically  altered  (sericitized  and 
carbonated)  sandstone.  In  hand  specimen  it  is  ?  dense  black  rock 
in  which  flakes  of  biotite  and  occasioiuil  hornblende  crvstals  are 
nu-ognizable.  Disseminated  grains  of  chalcopvrite,  pyrite,  and 
pyrrhotite  are  common  in  certain  portions  of  the  intrusion,  and 
as.says  of  these  mineralized  parts  have  given  up  to  1.1  **q  copper 
and  1  dwt.  of  platinum.  Numerous  veins  of  ankeritic  carbonat*' 
traverse  the  rock,  but  quartz- veins  are  extremely  rare  in  it.  .Vll 
thin  sections  examined  under  the  microscope  show  considerable 
metasomatic  alteration.  The  ori;^imil  rock  a]>pears  to  have  Ikhmi 
composed  of  numerous  large  irregular-shaped  ph<Miocrvsts  of  brown 
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honibloiult^  containing  abundant  rounded  pcecilitic  inclusions  cf 
biotiti\  auiiitc,  ihnoniU%  and,  less  rarely,  feldspar,  large  twisted 
Hakes  of  l>iotite,  some  colourless  augite,  and  a  littl  interstitial 
feldspar  and  accessory  apatite  and  iron  oxides.  Quartz  is  absent. 
Veinlets  of  cblorite  and  carbonates  replace  the  hornblende  along 
cleavage  planes,  and  black  oxides  of  iron  have  separated  out. 
Tnt<»rlaniinated  lenticles  of  carbonate  occur  along  the  cleavage 
planes  of  the  l)iotite,  and  some  chlorite  also  replaces  it  in  places. 
Pleochroic  haloes  are  well  marked  in  the  chlorite  which  replaces 
biotite.  Rutile  webs  are  common  in  certain  sections  of  bleached 
biotite.  One  identifiable  plagioclase  pbenocryst  in  the  section  is 
largely  replaced  by  sericite  and  carbonates,  and  another  one  is 
intersected  by  numerous  more  or  less  parallel  veinlets  of  chlorite 
associated  with  a  little  carbonate  {vide  microphotograph,  plate 
I\'..  tig.  12).  Extremely  compact  aggregates  of  carbonates  and 
sericite  replace  the  bulk  of  the  minerals  of  the  original  rock. 

C. — METASOMATICALLY-.ALTERED    ROCKS. 

(1)  Vein- Alteration. — The  petrological  changes  brought  about 
by  the  regional  magmatic  and  pro])ylitic  types  of  alteration  have 
been  briefly  described  in  dealing  with  the  diorite  porphyrite  from 
the  Morning  Star  dyke  (vide  supra,  p.  158),  and  will  be  discussed 
in  greater  detail  in  the  sequel. 

The  visible  effects  of  the  hydro  thermal  alteration  of  the  dykes 
by  the  vein-solutions  are  a  bleaching  of  the  wall  rock,  a  reduc- 
tion in  the  grain  of  the  locks,  and  the  development  in  them  of 
pyrite  and  arsenopyrite.  Microscopically,  it  is  seen  that  prac- 
tically tbe  whole  of  the  original  femic  minerals  have  disap])eare(l. 
and  that  much  of  thf  feldspar  and  some  of  the  quartz  have  l)e(Mi 
replaced,  (.'arbonatcs  and  sericite  are  extensively  developed,  and 
pyrite  and  arsenopyrite  usually  accompany  them.  Sometim(v 
albit<^'  and  quartz  are  formed  by  this  alteration. 

Specimen  No.  7H,  Morning  Star  dyke,  adjoining  Age  of  Progress 
reef,  Hope  adit  levol  ;  analysed  specimen. — The  hornblende  is 
replaced  in  part  by  a  flocculent  whitish  material  resend)ling 
kaolin    and    partly    by    carbonates.       N'ciTdets   of    carbonat"    and 
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3ftricite  travorsG  this  material.  Flakes  of  wliiti^  mica,  with  iiitcr- 
lamiuated  carbonates  and  inclusions  of  needles  of  lutile,  are 
sacondaiy  after  original  biotite.  The  feldspar  is  largely  sericitized 
and  carbonated,  and  Icucoxene  replaces  the  ilmenit«,  and  is  in  turn 
replaced  bv  pyrite.  (Jlear  quartz  and  the  accessories  apatite  and 
zircon  and  a  little  micropegmatite  remain  unaltered.  Du.sty 
carbonates  and  foils  of  sericite  have  been  extensively  develoi)ed. 

\ew  Loch  Fyne  dyke,  adjoining  quartz  reef,  No.  1  level  Ix'low 
No.  .")  adit  level  ;  analysis  specimen. — This  is  a  yellowish-green, 
tine-grained  rock,  containing  numerous  crystals  of  pyrite  dis- 
•seminated  through  it.  No  hornblende  or  chlorite  remains,  but  a 
little  quartz  and  micropegmatite  have  survived  the  metasomatic 
alteration.  Clear  feldspar,  chiefly  albite,  with  a  little  orthoclase, 
is  fairlv  common  in  the  section.  It  has  probably  developed  from 
the  original  feldspar  as  a  result  of  the  vein-alteration.  I^nicoxene 
replaces  ilmenite,  and  is  in  turn  partially  replaced  by  pyrite. 
Dusty  and  granular  carbonates  and  aggregates  of  sericite  replace 
the  whole  of  the  femic  minerals  and  much  of  the  feldspar. 

No.  IS.  "  Kindly  country  rock,"  within  1  ft.  from  (piartz  iloor, 
8r)0-ft.  level,  Al  mine  ;  analysis  specimen. — A  rather  handsome 
rock,  showing  abundant  plates  of  a  colourless  to  light  brown  mica 
in  hand  specimen.  No  other  mineral  is  recognizable.  Under  the 
microscope  splendid  pseudomorphs  of  carbonate,  with  a  little 
sericite  aftt^r  idiomorphic  hornblende,  are  visible.  Foils  of  whit« 
mica,  with  interlaminated  carbonates  and  lenticles  of  (piartz 
along  its  cleavage  planes,  and  including  the  usual  ''  sagenitic 
webs  "  of  rutile  needles,  are  common.  Veinlets  of  carbonates  and 
sericite  intmsect  the  mica.  Particularly  interesting  is  the  occur- 
r.Mice    of    numerous   (;lear    crystals  of    albite    in    the    section,  in 

lie  case  showing  Carlsbad  and  albite  twinning  and  giving 
svmmetrical  extinction  angles   of    IS"^    with   refractive  index   less 

han  that  of  quartz.  Tlu^  albite,  although  mostly  unaltered,  is 
partially  secondarily  carbonated,  indicating  that  carbonation,  in 
part  at  least,  was  later  than  formation  of  albite.  A  little 
niicropegmatit*'  remains  in  ])laces.  Pvrites  is  not  common. 
Carbonates  and  s«»ricit<^  are.  verv  abundant.  An  analysi.s  of  this 
rock  is  ijivrn  in   Part  II  .  p.   ISS. 
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No.  7,  Al  mine,  narrow  dyke,  close  to  quartz  floor.  No.  \)  iutor- 
luediate  level  ;  analysis  sj^ecinion. — In  hand  s])ocimon,  under  the 
microscope,  the  original  rock  is  seen  to  have  been  more  acidic 
than  usual.  It  is  fine  and  very  even-grained,  and  consists  for 
the  most  part  of  granular  quartz,  occasionally  idiomorphic, 
stumpy-shai>ed  prisms  and  laths  of  feldspar  whose  original 
characters  are  entirely  masked  by  extensive  sericitization,  a 
little  iron-magnesian  mineral  now  departed,  and  fairly  abimdant 
needles  and  prisms  of  ilmenite.  The  rock  appears  to  have  been 
a  fine-grained  aplit<^  dyke.  The  quartz  lias  been  greatly  invaded 
and  replaced  bv  sericite  and  carbonates.  Rutile  and  a  little 
pvrit-e  replace  the  ilmenite.  Carbonates  and  sericite  have  been 
verv  freely  developed  at  the  expense  of  the  minerals  of  the 
original  rock. 

J-il,  Luck's  All  dyke,  near  a  quartz  reef,  lower  adit  level. — No 
hornblende  or  chlorite  remains  in  this  section.  They  are  totally 
replaced  by  carbonates.  Practically  all  sections  of  the  feldspar, 
which  was  andesine  wnth  some  acid  labradorite  and  a  little 
orthoclase,  show  signs  of  alteration,  but  in  general  the  alteration 
was  not  int^Mise.  and  the  specific  characters  of  the  feldspar  are 
readily  determinable.  Its  alteration-products  are  sericite  in  blades 
and  aggregates  of  flakes,  with  some  dusty  carbonates  and  a  little 
zoisite.  The  bulk  of  the  quartz  is  idiomorphic  and  little  altered. 
Orains  of  leucoxene  are  scattered  through  the  section.  Sericite 
and  carbonates  in  about  equal  amounts  are  the  main  alteration- 
products  of   the   rock. 

No.  37,  Little  Comet  dyke,  Wood's  Point,  adjoining  quartz- 
vein,  220  ft.  from  surface. — This  is  a  light  grey-coloured  rock 
containing  abundant  crystals  of  iron  and  arsenical  pyrites  dis- 
tributed through  it.  It  is  intersected  by  a  small  quartz-vein 
lined  with  ankerite.  No  hornblende  or  chlorite  remains.  Tli< 
idiomorphic  outlines  are  preserved  in  a  doubtful  white  eloudy 
material  and  in  j)art  in  carbonates.  The  feldspar,  which  was 
albite,  has  lx*en  greatly  sericitized.  A  little  (piartz,  apatite,  and 
sphene  remain  unaltered.  Aggregates  of  sericite,  dusty  carbonates, 
and  idiomorphic  pyrit/-  at\d  arsfMiopyrite  are  common  meta- 
somatic  minerals. 
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roiitact  of  qiiartz-veiii  and  dyke,  Evening  Star  mine.  Wood's 
Point. — This  rock  rcsombles  the  one  last  described.  Albite  appears 
to  have  been  developed  in  considerable  quantity  at  the  expense 
of  the  original  feldspars,  and  has  in  its  turn  suffered  considerable 
soricitization  and  carbonation.  No  femic  mineral  remains. 
Quartz  replaces  some  of  the  carbonate  in  part  of  the  section,  and 
euhedral  pyrite  and  arsenopyrite  are  common. 

Dyke  near  quartz-vein,  Kelly's  Hill  mine,  Matlock. — This  is  a 
greenish-grey  rock  characterized  by  the  presence  of  abundant 
prismatic  crystals  of  silvery  mica  in  hand  specimen.  Viewed 
microscopically,  the  most  prominent  feature  of  this  rock  is  the 
abundant  foils  and  wisps  of  white  mica.  They  are  densely 
charged  with  rutile  needles,  and,  normally,  are  extensively  carbon- 
ated and  occasionally  partially  replaced  by  chlorite.  No  original 
iron-magnesian  mineral  remains,  although  there  is  a  moderate 
amount  of  eranular  and  dustv  chlorite  distributed  throuj];]i  the 
section.  Feldspar  has  entirely  disappeared,  but  its  idiomorphic 
outlines  can  often  be  recognized  preserved  in  aggregates  of  sericite. 
and  carbonates.  A  few  relatively-large  crystals  of  leucoxene, 
showing  the  characteristic  ilmenite  parting,  are  present  in  the 
scsction.  Pyrite  replaces  much  of  the  leucoxene.  AVith  the  ex- 
ception of  a  little  apatite,  granular  and  vein-quartz  and  abundant 
8ericit<^  and  carbonates  are  the  only  other  minerals  in  the  rock, 
and  these  constitute  by  far  the  greater  bulk  of  it. 

Tubal  Cain  dyke,  adjoining  a  quartz-vein,  lower  tunnel,  Corona- 
tion mine,  Walhalla. — The  original  rock  was  composed  of  por])hy- 
ritic  phenocrysts  of  augitc  and  prisms  of  feldspar  in  a  felted 
(andesitic)  ground-mass,  consisting  of  microlitic  laths  of  feldspar, 
granules  of  augite,  and  abundant  dusty  grains  of  ilmenite  or 
magm^tit«\  As  a  result  of  the  hydrothermal  vein -alto  rat  ion,  the 
augite  phenocrysts  have  lx;en  converted  into  a  yellowish,  cloudy, 
nondescript  mat<^rial,  and  numerous  veinlets  of  carl)onato  inter- 
s<»ct  them.  Densely  ])acked  aggregates  of  sericite  replace  all  the 
feldspar,  and  the  ilmenite  grains  have  given  place  to  leucoxene. 
Little  or  no  quartz  occurs  in  the  section,  and  chlorite  apjxjars  to  l)e 
absent.  • 


No.  278,  Coheirs  dyke,  JJ075  ft.  level,  Long  Tunnel  mine, 
AValhalla. — A  greenisli-yellow  aplianitic  rock  traversed  by  vcinlcts 
oi  (juartz.  It  is  composed  almost  wholly  of  dense  aggregates  of 
flakes  of  sericite  and  dusty  carbonates,  with  a  little  quartz  and 
disseminated  pyrite.  Several  veinlets  of  quartz  and  carbonate 
inter.sect  the  rock.  Prismatic  microlites  of  what  appear  to  have 
Iwen  hornblende,  and  which  are  now  chielly  soricite,  are  common. 
The  sericite  flakes  have  decided  parallel  arrangement,  which 
inq)arts  a  fissility  to  the  rock.  The  vein-quartz  exhibits  well- 
marked  comb  structure. 

Quartz-vein  in  Cohen's  dyke,  2925-ft.  level,  Long  Tunnel  mine,, 
Walhalla. — This  rock  is  very  similar  to  the  one  last  described, 
but  pyrite  and  arsenopyrite  are  more  abundant,  particularly  close 
t<.)  tlie  vein.  Some  of  the  pyrite  crystals  are  fringed  with  secondary 
quartz  and  one  pyrite  cube  replaces  vein-quartz.  Th(>  bulk  of 
the  arsenopyrite  is  in  double  wedge-shaped  crystals. 

Dyke.  Brohan's  reef,  "Pinnacles,"  near  Aberfeldy. — ^This  is  a 
yellowish-green  aphauitic  rock  traversed  by  veinlets  of  quartz. 
Small  crystals  of  pyi-ite  are  disseminated  through  it.  The  original 
rock  consist-ed  of  numerous  panidiomorphic  phenocrysts  of 
feldspar  and  occasional  smaller  ones  of  quartz  and  biotite  in  a 
cr^-ptocnk'stallirKi  ground-mass.  Dense  felted  aggregates  of 
sericite  now  replace  the  feldspar  phenocrysts  in  entirety.  Wiite 
mica  replaces  the  biotite,  and  sphene  or  rutile  has  separated  out. 
Quartz  remains  little  altered.  Tjrains  of  pyrite  and  arsenoj>yrite, 
the  latter  occasionally  in  foirn  of  cruciform  twins,  have  been 
devclojK'd  in  the  rock  lu^ar  the  vehis.     Carbonak^s  are  absent. 

Otlu'r  dykes  examined  which  have  suffered  similar  carbonation, 
flcricitization.  and  pyritization  in  the  vicinity  of  (juartz-vcins  are 
the  Wallaby  (near  (Jaffney's  Creek),  Geoigia,  Unknown,  AVaveily, 
and  the  Rohc,  of  Deimiark. 

(2)  M etuHoinalir  Alteration  of  ihc  Cop pr.r- Bear ituj  Dj/J:es. — lx>vv- 
grado  cop]'>cr  ores — chalcopyritc,  eupriferous  pyrite,  tetrahedrite, 
and  nickeliferous  pyrrhotite — fjccur  as  impregnations  and  small 
veuis  in  certain  basie  and  ultrabasic  rocks  of  this  belt — cjj.y 
Thomfw^jn   ivJ^'^'^,   diorito   porplivrite   and   lioiiiblr'julite  ;   Toonibou 
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and  Kelly's  copper  miiio,  honiblendo,  pyroxene  rocks  ;  basic  New 
IjOcIi  Fyne  dyke,  Aberfeldy  ])eridotite,  &c.  In  addition  to  copi>er, 
these  ores  invariablv  carry  small  (piantities  of  platinum,  silver, 
and  gold. 

The  following  tabh'  shows  the  result  of  some  assavs  made  of 
these  dykes  for  the  above-mentioned  metals  by  the  Mines  Depart- 
ment of  Victoria  : — 


!  ocality. 

Ore. 

Platinum. 

(J  old.      1     SUver 

f'opper 

.Uvt.  fcr. 

dwi.  ■„'!•.           (Iwr.  gr. 

"i 

Thomson     River 

l^ore    cores 

Copper  mine 

in  dyke 

av.  5     0 

av.  I     U    av.  8     0 

av.  3 

New  Loch  Fvne, 

Miiieralized 

Matlock 

(Ivke     .  . 

av.  1    It 

av.  1    1<>    av.  G  17 

av.2.3 

Kelly's      C'oj)per  i  Mineralized  i  j  1 

mine       .  .      .  .         dvke  ;  av.  1     0    av.  0     7    av.  2     3        0.31 


1        _  I 

Do.  Main    dyke  | 


mass 


0     3  1    trace 


2     0     trace 


Slianirock,  1  Mineralized 

Wood's    l^oint         dvke     ..:         0  13  0     3  1     2         1   ni 


i'oorribor)     Dvke 


do. 


0     4,         U     i  ,         13  (0 


The  sulphides  are  invariably  of  lat^M-  generation  than  the  primary 
minerals  of  the  original  rock.  They  corrode,  penetrate,  and 
encrust  the  hornblende  and  biotite  in  the  New  Ijoch  Fyne  dyke, 
and  replace  and  encrust  the  hornblende  and  tcldspai-  in  the 
Thomson  River  and  Toonibon  dykes.  They  appeal'  t(»  be  essentially 
•  (»nt><'mporaneous  with  the  chloriU*,  carbonates,  and  (piartz  that 
are  intimately  as.sociat<^d  with  them.  Sericite  is  rare,  and.  when 
l>resiMit,  is  .seemingly  of  later  jieneration.  The  sulphi(h^s  occur 
normally  as  impregnations  in  the  dykes,  and  very  rarely  as  veins, 
which  suggest  that  they  were  formed  In^fore  the  igneous  rocks 
had  cooled  sutHcientlv  t/)  fracture  and  era«k.  Their  |>erioil  of 
formation  is  believed  to  Iw'long  to  the  propvliti<"  stage  of  regional 
alteration.  ' 
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The  following  thin  sections  of  these  cupriferous  dykes  ilhistrate 
the  type  of  metasoniatic  alteration  undergone  by  them  and  also 
the  pavagenetic  relations  of  tlie  sulphide  minerals:  — 

No.  212.  ore-bearing  dyke,  close  to  west  wall,  lower  tunnel, 
Thomson  River  copper  mine. — The  original  rock  appears  to  have 
])een  int-.^rmediate  between  a  diorite  porphyrite  and  hornblendite. 
No  hornblende  remains,  althougli  its  original  idiomorphic  outlines 
are  recognizable  in  the  form  of  pseudomorphs  of  carbonates  and 
a  nondescript  yellowish  flocculent  material.  In  the  alteration  of 
the  hornblende,  magnetite  or  ilmenite  dust  separated  out  as  a 
black  lK>rder  to  the  crystals,  and  was  later  replaced  by  chalco- 
pyrite.  Isolated  relics  of  highly  sericitized  and  carbonated  feld- 
spar and  a  little  quartz  and  apatite  are  also  recognizable.  Dusty 
and  idiomorphic  grains  of  ankeritic  carbonate  are  ubiquitous. 
The  sulphide  mineral,  which  appears  to  be  entirely  chalcopyrite, 
occurs  in  granular  and  dust-like  form  scattered  through  the 
section.  In  every  case  it  is  intimately  associated  with  ankerite. 
In  places  the  sulphide  is  moulded  on  and  replaces  the  latter 
mineral,  but  in  general  they  are  essentially  contemporaneous. 

In  specimen  No.  220,  from  the  same  mine,  the  chalcopyrite 
occurs  in  granular  form  associated  with  carbonate  and  chlorite 
and  some  quartz.  It  encrusts  hornblende  and  feldspar,  and 
replaces  the  former  mineral  and  micropegmatite  in  places. 

No.  215,  copper-bearing  dyke,  lower  adit  level,  Thomson  River 
cop])er  mine. — In  this  rock  most  of  the  original  minerals  have 
disappciared,  and  often  no  trace  of  their  former  presence  remains. 
Skeletons  of  one-time  hornblende  phenocrysts  occur  in  the  form 
of  a  white  flocculent  matc;rial  greatly  veined  by  carbonates,  which 
latter  constitute  at  least  r>0  %  of  the  rock.  Some  chlorite  and  a 
little  sericite  are  also  j)resent.  (.'halcopyrite  is  disseminated 
through  the  rock  in  intimate  association  with  carbonates. 

No.  21)2,  ore  containing  pyrrhotite,  stopes  above  upper  adit 
level,  Thomw)n  River  copjx^r  mine. — Massive  pyrrhotite,  with  a 
little  chalcopyrite,  occupy  the  bulk  of  the  section.  The  formation 
of  the  sulphides  was  preceded  by  the  development  of  much  chlorite 
and   some   rarbonat^'.      Tlu*    pyrrhotite    is    veined   })y   a   coppc^r- 
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o^)loured  luiiuMal  whicli  gives  reactions  in  the  hand  specimens 
for  nickel,  iron,  and  sulphur.  Arsenic  is  absent,  ajid  the  mineral 
is  therefore  apparently  ])ontlandite.  It  is  probably  the  source 
of  the  nickel  obtained  in  the  copper  matte  by  the  last  company 
who  worked  this  ore. 

Another  specimen  (No.  JGl)  from  this  mine  is  highly  chloritized, 
but  carbonates  are  not  abundant.  Well-developed  laths  of 
sericite  cut  the  sulphides  which  occur  in  granular  and  dusty  form. 

Copper-bearing  ho ndjlende -pyroxene  rock,  I  mile  east  of 
Toond^on. — Green  hornblende,  secondary  after  the  bro^^^l  variety, 
and  colourless  graimlar  augite  make  up  the  bulk  of  this  rock.  A 
little  interstitial  quartz  and  feldspar  and  some  micropegmatite 
are  also  present.  The  hornblende  in  the  vicinity  of  the  sulphides 
has  been  corroded  and  partially  replaced  by  chloiit^*,,  carbonates, 
and  serj)entine.  Massive  carbojiat^^s  accompany  the  sulphides, 
which  are  mainly  pyrrhotite,  with  a  little  chalcopyrite  and  jiyrite 
fringing  it.     One  or  two  laths  of  sericiti^  penetrate  the  pyrrhotite. 

No.  J 22,  altered  basic,  New  Loch  Fyne  dyke,  No.  5  adit  level. — 
This  rock  has  suffered  considerable  metasomatic  alteration.  The 
bulk  of  the  hornblende  has  been  replaced  by  chlorite  and  a  little 
carbonate.  The  alteration  proceeds  along  cleavage  planes  and 
cracks,  resulting  in  a  mesh-like  structure  reseml>ling  that  of 
serpentine  after  olivine.  Apart  from  bleaching  and  partial  con- 
version to  chlorite,  the  biotite  has  suffered  no  great  alteration. 
Occasional  relics  of  feldspar  crystals  can  be  n^cognized.  now  vt^ncd 
and  rej)la(ed  by  pennine  and  a  little  sericite.  Some  apatiU'  and 
ilraenite  remain  little  altered.  Dense  aggregates  of  carbonates 
and  pennine  an^  very  abundant  throughout  the  section.  Some 
secondary  sericite,  quartz,  and  large  irregular-shajMnl  grains  of 
chalcopyrite  are  also  presei\t.  Thc^  chalcopyrite  is  associated 
intimately  with  carbonates,  and  in  onc^  place  with  quartz.  liit<^r- 
actioii  lias  apparently  taken  place  l)etween  biotite  and  chah^o- 
pyrite,  resulting  in  rounding  of  the  latter  mineral  and  the  end)ay- 
ment  by  corrosion  of  the  biotite. 

No.  JIG,  carbonate  vein  carrying  t<^trahedrite  and  chalcopyrite 
in   basic  New   \/h\i  Fyne  dyke,  No.  5  adit  level. — None    of    tho 


minerals  of  the  original  rock,  witli  the  exception  of  a  little  apatite, 
reniam.  Pseuchmiorphs  of  chlorite  (pennine).  with  a  little 
carbonate  and  abundant  grains  and  needles  of  leucoxene  or  sphene, 
occur,  rejilacing  hornblende.  The  characteristic  sagenitic  webs 
of  riitile  and  the  lath-shaped  sections  prove  the  presence  of 
original  biotite.  It  is  now  replaced  by  pennine  and  some 
carbonat<\  More  than  t>0  « .^  ^f  the  section  is  composed  of  car- 
bonati>s  and  chlorite.  The  former  predominates  over  the  latter. 
A  little  secondary  quartz  has  formed  in  places.  The  vein  consists 
mainly  of  carbonates  with  a  little  vein-cjuartz  and  some  tetrahedrite 
and  chalcopyrite.  Carbonates  have  replaced  part  of  the  tetra- 
hedrite. 
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PART   11. -METASOMATISM   AXD  TlIK   GENESIS   OF   THE 

GOLD. 
J.  -Metasomatic  Alteration  of  the  Dyke  Rocks  Associ.\tei> 

WITH    Auriferous  Reefs. 

As  previously  lueiitioiicd.  three  main  types  of  metasomatic 
alteration  are  recognizable  in  the  auriferous  dyke  rocks — 

(a)  a  regional  alteiation  during  tiie  final  consolidation  of  the 
rocks  by  gases  and  muieralizers  released  from  the  cooling 
magma.  This  type  of  alteration  may  be  sub-divided  into — 

(a)  Lat<>  magmatic  stage. 

(b)  Propylitization. 

(b)  Ai)    intense   post-magmatic  hydrothermal  alteration   of 
the  dykes  adjoining  the  vein-walls. 

(c)  Surface   decomposition    and    oxidation    by   present-day 

vadose  waters. 

A. — REGIONAL    ALTERATION. 

(a)  Late  Mm/nmtic  Stage. — As  a  first  stage  in  the  regional  altera- 
tion of  the  dyke  «'xpansions,  the  ground-mass  has  been  partially 
re-crystallized  in  tlu^  form  of  a  micro pegmatitic  intergrowth  of 
(juartz  and  felds])ar.  Some  albite  has  Immmi  developed  at  the 
expense  of  the  original  feldspars,  and  secondary  quartz  is  intro- 
duced into  th(^  rock.  The  j)henocrysts  are  sometimes  in  optical 
continuity  with  the  feldspar  of  the  micropegmatite.  as  is  the  case 
in  section  No.  81.  Evening  Star  dyke.  Wood's  Point;  and  in  the 
Morning  Star  dyke  (juartz  phenocrysts  similarly  merge  h\to  the 
quartz  of  the  intergrowth.  The  bleaching  of  the  hornblende  and 
biotiU*  and  the  actinolitie  and  tremolitic  outgrowths  to  the  former 
mineial  are  also  referable  to  this  alteration.  In  the  narrow  dvkes 
quartz  and  albite-  aie  sometimes  developed  as  a  result  of  tiiis 
alt<^ration,  but  micropegmatite  is  usuallv  lacking.  j>rol»abK'  due 
U)  tbeir   ra])id  cooling. 

{//)  Pro])yIiti'Jif{<n(.  -As  a  slightly  IdU^r  piiase  of  tlic>  same 
alt-(!ration,  we  get  developed  thc^  characteristic  minerals  of  pro- 
pylitization— namely,  abundant  chlorit4^  after  the  femic  minerals, 
aiul  sometimes  after  feldspar :  subordinate  massive  cleaved 
•  rboMut^',  distinct   from    the   dusty   tvpc    foiincd    )»v    tli(»   bvdro- 
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tliermal  vein-alto  ration,  inasmnch  as  it  tills  interstices  between 
the  rock-minerals  rather  than  replaces  them  *  ;  leucoxene  after 
ilmenit^^.  and  pyrito  and  pyri-hotite  in  turn  replace  the  leucoxene. 
In  addition,  epidote  and  zoisite  are  often  developed,  but  sericite 
is  unusual.  Chlorite  variety  pennine  is  the  characteristic  mineral 
of  this  type  of  alteration.  The  hornblende,  biotite  and  augite 
of  these  rocks  are  all  titauiferous.  AVhen  hornblende  or  augite 
is  replaced  by  chlorite,  abundant  grains  of  spliene  and  occasional 
needles  of  rutile  separate  out  from  them. 

Excellent  ''  sagenitic  "  webs  of  rutile  are  the  lule  in  bleached 
and  cliloritized  biotite.  AVhen  the  latter  mineral  is  bleached  and 
not  chloritized  black  iron  oxides  usually  separate  out  from  it. 
The  feldspars  are  occasionally  chloritized,  and  epidote  and  zoisite 
replace  them  in  certain  cases,  ])ut  sericite  is  less  frequently  de- 
veloped.    Quartz  and   apatite   in  general  remain  unaltered. 

Chemical  Changes.  -  Tn  the  latc^  magmatic  stage  silica,  alumina, 
and  soda   are   introduced. 

In  the  propylitic  fdcies  water,  carbon  dioxide,  and  sulphur  are 
added,  and  occasionally  some  soda  and  potash.  On  the  whole, 
there  is  no  great  change  in  the  chemical  composition  of  the  rocks 
affect<*.d  by  this  regional  alteration. 

It  is  claimed  that  the  regional  alteration  undergone  by  tliese 
rocks  is  independent  of  the  vein-sohitions,  and  that  the  effects 
of  the  latter  are  superimposed  upon  those  of  the  former.  (\">n- 
<M8ely.  the  evidence  for  this  conclusion  is  as  follows  : — 

1 .  The   minerals  develo])ed   Ijy  the  regional  alteration  are 

just  as  abundant  8  ft.  away  from  the  quartz  reefs  as 
they  are  20  ft.  away  from  them. 

2.  There  is  no  mineralogical  or  chemical  transition  between 

the  regionally  and  vein-altered  rocks. 

."».  In  on(^  sbdi'  of  the  Morning  Star  dyke  micropegmatite, 
albit<j,  ([uartz.  and  (  liloiiU'  arc  p(5n(^trated  l)y  a  veinlet 
of  quartz  and  carbonates. 

4.  Tlie  micro|K«gmatit(%  ([uartz,  and  carbonates,  and  some- 
times chlorit4',  fill  interstices  between  the  hornblende 
and  feldspar  of  th(^  original  ro(;ks  and  rarely  replace 
•firanular  rarlKJiiritoM  <K(;mionaUy  replace  thr*  fomic  minerals  in   part. 


ON  THE  WALHALLA- WOODS  POINT  AURIFEROUS  BELT.  187 

these  minerals,  and  in  one  or  two  sections  there  is  a 

suggestion  of  an  intergro\vth  of  quartz  and  carbonates. 

0.  Apparently   the    rocks     were     not   fractured    when   the 

regional  alteration  took  place,  for  the  minerals  develo|)ed 

as  a  result  of  it  are  uniformly  distributed  through  the 

dykes,  and  do  not  occur  in  or  directly  associated  with 

veins.      Chlorite,    the    characteristic    mineral    of    the 

propylitic  facien  of  alteration,  practically  never  occurs 

in  the  quartz  reefs,  and  is  clearly  seen  to  be  replaced  by 

carbonates  and  white  mica  in  the  wall  rocks  of  the  veins. 

The   almost   invariable   association  of  propylitization   with   the 

dvke  rocks  stronglv  suij^^^sts  a  mafjmatic  oriizin  for  the  erases  or 

solutions  causing  the  alteration.     That  the  magma  was  a  hydrous 

one  is  clearly  proved  by  the  abundant  hornblende,   biotit(\  and 

apatite — minerals   which   all    require    the    ])resence   of   water   for 

their  formation   (Xo.   5). 

Hence  it  is  believed  that  the  gases  and  mineralizers  responsible 
for  the  above-mentioned  alteration  had  their  origin  in  the  cooling 
magma,  and  that  their  escape  was  made  possible  by  the  relief  of 
pressure  during   intrusion. 

Certain  acidic  dykes — quartz  feldspar  porphyries — descriljed 
above  (vide  Pait  I.,  p.  152),  exhibit  a  different  type  of  alteration. 
Ff'ltr'd  aggregates  of  sericite  replace  the  porphyritic  feldspar 
crystals,  the  biotite  is  bleached,  and  the  ground-mass  has  been 
sericitizedand  partiallv  silicified,  and  j)yrites  has  been  developed  iix 
small  ([uantities.  Carbonates  are  rare  or  absent,  likewise  chlorite, 
piobably  l)ecause  of  the  paucity  of  the  ferromagnesian  minerals  in 
the  rock  rather  than  the  chemical  nature  of  the   mineralizers. 

The  ultimate  i)roduct  of  this  type  of  alteration  is  a  rock  com- 
posed of  quartz,  soricite,  and  pyrite,  of  the  Diamond  Creek  dyke 
tvpe  (No.  27  p.  XV.)).  The  exttMisive  sericitization  suggests  a 
lower  temperature  alteration  than  the  propylitization. 

1'.. — HYDROTHERMAL  ALTPIRATION   AI)J(>ININ(;   THK   VI  IN- W.\  M.S. 

.Vdjoining  the  veins,  for  varying  distances  u'^ually  less  than 
I  ft.,  the  dyke  roc ka  have  been  bleached  and  rendered  much  finer- 
grained.     Scatt<»red  crystals  of  pvrite  and  arsenopyrite  normally 
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are  the  only  minerals  recognizable  in  liand  specimens  of  those 
altered  rocks.  The  sulphides  are  most  abundant  near  the 
vein-walls,  and  decrease  in  amount  outwards  from  them. 

{a)  Chemical  Changes. — The  following  analyses  show  clearly  the 
nature  and  the  trend  of  the  alteration  : — 
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3 

4        1 

5 

z 

« 
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8 
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X 

% 

A 

SiO., 

49.65 

39.92 

48.47 

44.45 

48.06 

42.73 

56.91 

7.42 

AI0O3       .. 

16.73 

14.81 

17.50 

16.17 

19.86 

10.86 

13.31 

— 

Fe.O,       . . 

0.31 

0.61 

0.61 

1.95 

0.54 

0.60 

0.08 

— 

FeO  . .      . . 

8.99 

5.81 

8.55 

6.62 

7.52 

6.46 

5.33 

5.31 

MgO 

5.88 

6.80 

4.51 

3.70 

3.13 

10.14 

3.66 

3.47 

CaO 

7.87 

8.28 

8.41 

4.98 

6.86 

6.16 

3.38 

3.35 

KoO 

0.80 

3.51 

1.23 

2.76 

0.99 

1.80 

3.76* 

NaoO 

3.10 

1.41 

2.73 

2.57 

3.96 

1.84 

H.O- 

2.50 

1.03 

3.10 

1.68 

2.21 

0.81 

1.19 

— 

HoO-      .. 

0.14 

0.23 

0.07 

0.31 

0.30 

0.28 

0.13 

— 

€0.,  ..      .. 

1.08 

16.38 

0.90 

11.23 

3.33 

16.05 

9.75 

— 

TiO., 

2.81 

1.26 

2.45 

2.10 

1.82 

1.22 

1.40 

— 

MnO 

0.14 

0.09 

tr. 

0.15 

0.12 

n.d. 

0.23 

0.22 

PoO, 

O.04 

— 

0.32 

0.70 

0.10 

n.d. 

abs. 

— 

CroOj       . . 

— 

. 

— 

0.03 

— 

— 

— 

NiO.  CoO.. 

tr. 

tr. 

nil 

nil 

tr. 

— 

— 

BaO 

— 

— 

0.05 

— 

— 

— 

SO3 

nil 

tr. 

— 

— 

— 

— 

€1 



— 

tr. 

tr. 

— 

— 

FeS, 

n.d. 

St.  tr. 

0.81 

0.93 
100.30 

0.92 

0.54 

0.85 

— 

Totals  .. 

100.04 

100.14 

99.66 

99.80 

99.49 

99.98 

— 

I.— Propylitized  diorite  porphyrite,  Morning  Star  dyke,  10  ft.  from  Cherry's 
reef,   Hope  adit  level;  analyst,  N.  R.  .lunncr. 

2. — \'cin-altered  diorite  porphyrite.  Morning  Star  dyke,  with  1  ft.  of  Cherry's 
reef,  Hope  adit  level;  analyst,  X.  R.  .lunncr. 

3.  —  I'ropylitized  diorit<'  pf)rphyrite.  Now  Loch  I'yno  mine,  ;"»  ft  away  from 
quartz  *•  lioor,"  Xo.  1  level  below  No.  .1  adit  level  :  analyst,  F.  Moss. 

4.  — \'ein-altered  diorite  porphyrite,  Xcw  Loch  Kyno  dyke,  from  within  I  ft 
of  same  "floor"  hh  in  -\o.  '.i  :    analyst,  .1    C    Watson. 

.">.- Propylitized  hornblende  mica  lamprophyre,  A  1  mine;  10  ft.  from  quartz 
•*  floor,"  H.'><)-ft    le\'el  ;    analyst,  X.  R   .lunncr. 

») -Vein-altered  hornblendf;  mica  Hamprophyre,  A  J  mine,  "kindly  country- 
rock"  of  the  miners,  adjoining  (juartz  flof>r,  H")0  ft.  level  ;  analyst,  N.  li  .lunner. 

7 — \'ein-altcrrd  A  I  dyke,  close  to  quartz  '*  floor,"  Xo  1)  intermediate  level, 
A  1  mine  ;  analyst,  X    K.  .lunncr. 

8.  —  Krtract  from  No.  7  above  by  dilute  IKM  at  boiling  temperature 
7.42%  ^  total  SiO,,  ^0,0,,  Al, (J;,,  &c ,  extracted.     Analyst,  N.  K.  Junnor 

•Xcarly  all  K,»). 
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In  all  cases  it  is  seen  that  SiO^?  HoO,  and  Ti02  have  been 
<;onsideral)ly  leached,  also  part  of  the  FeO  and  AUOy.  and  in 
two  cases  there  is  a  marked  reduction  in  NaoO.  The  large  reduc- 
tion in  the  HoO  percentage  is  explained  by  the  replacement  of 
chlorite  by  carbonates  and  sericite.  Potash  has  been  increased 
considerably  owing  to  the  replacement  of  the  soda-lime  feldspars 
I)V  sericite.  In  the  Moining  Star  and  A  1  rocks  the  magnesia 
percentage  has  been  increased.  In  these  same  rocks  the  ])ei- 
centage  of  lime  remains  fairly  constant,  but  in  the  New  Loch 
Fvne   it  is  considerably   reduced. 

The  large  increase  in  carbon  dioxide  is  a  result  of  the  fixing  of 
the  bases  CaO,  MgO,  MnO,  and  part  of  the  FeO  as  ankerite. 
Comparison  of  analyses  7  and  8  show  that  practically  the  whole 
of  these  bases  are  in  the  form  of  carbonates.  Furthermore,  the 
amount  of  COo  required  to  fix  the  whole  of  the  CaO,  MgO.  Fe(.), 
and  MnO  in  analysis  7  is  9.82  %,  which  very  closely  approaches 
the  amount  determined  by  analysis — Le.,  *).75  %. 

If  we  consider  the  whole  of  this  carbonate  as  being  of  uniform 
composition,  then  it  has  the  a])proximate  formida — 
•4  CaO,  5  (FeMn)O,  (i  MgO,  15  CO,. 

In  analysis  2  the  theoretical  percentage  of  COo  required  to 
satisfy  the  whole  of  the  above-mentioned  bases  is  17.89,  while  the 
amount  determined  by  analysis  is  1()..*38  %,  showing  that  the  bulk 
of  the  FeO,  MgO,  CaO,  and  MnO  have  been  used  up  to  foini 
carbonates.  In  this  rock  some  leucoxeno  and  plagioclase  feldspar 
containing  CaO  remain,  explaining  the  excess  of  the  bases. 

In  the  New  Loch  Fyne  case  the  amount  of  CO.j  necessary  to 
fix  the  same  bases  as  carbonates  is  12.12  ^(j.  However,  some 
apatite  and  leucoxene  remain  in  the  rock,  explaining  the  excess 
of  0.89%  COo.  The  reversal  of  the  alkalies  is  not  so  complete 
in  analyses  4  and  b  as  in  the  Mornmg  Star  example.  The  reason 
is  that  some  fresh  albite  has  Ix^en  developed  in  the  New  Loch 
%Fyne  and  A  1  dykes  as  a  result  of  the  vein-alteration. 

Analysis  7  appears  anomalous  in  some  respects.  Microscopical 
examination  of  a  thin  slice  of  the  rock,  however,  shows  that  it 
is  the    vein-altered  facies   of  a  rock   nmch    more  acid    than   tiio 
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imnual  A  I  honibloiuio.  mica  lainpropliyre.     It  probably  represents 
ail  altered  vein  in  the  normal  dyke. 

(6)  Mineral  Changes. — As  a  result  of  the  liydrothermal  vein- 
alt^M-ation.  the  femic  minerals  hornblende  and  chlorite  have  been 
the  first  to  break  down.  Near  the  veins  they  are  completely 
replaced.  AVhere  the  hornblende  has  been  previously  chloritized 
it  gives  rise  to  cabonates  with  or  without  sericite..  and  a  little 
quartz.  In  many  cases,  however,  the  hornblende  has  not  been 
chloritized  prior  to  the  attack  by  the  vein-solutions.  In  such 
cases  it  is.  in  part,  converted  to  a  white  or  cream-coloured 
flocculent  material,  probably  a  hydrous  aluminium  silicate.  In 
the  process  most  of  the  FeO.  MgO,  and  CaO  have  been  leached 
and  re-deposited  in  the  form  of  ankerite,  which  almost  invariably 
accompanies  this  {()  mineral.  This  description  of  the  alteration 
of  the  hornblende  applies  equally  well  to  augite,  but  the  trend  in 
biotito  is  usuallv  in  a  different  direction.  In  the  regional  altera- 
tion of  this  mineral  it  may  either  be  replaced  by  chlorite,  and 
possibly  epidote,  with  tlu^  separation  of  rutile.  or  be  bleached. 
As  a  result  of  the  vein-alteration  tlie  chlorite  and  epidote  are 
replaced  by  carbonates  toi-  the  most  })art,  and  sometimes  lenticles 
of  quartz  have  formed  along  the  cleavage  planes.  The  bleached 
biotite.  on  the  othei-  hand,  gives  rise  to  white  mica,  with  inter- 
laminated   carbonates   and   a    little    (|uaitz. 

l>'Ucoxene  and  granulai"  s])hene  re])lace  the  whole  of  the  ilmenite, 
and  they  are.  in  turn,  fre<juently  replaced  by  idiomorphic  pyrite 
and  arsenopyrito,  and  sometimes  by  carbonates.  Normally,  the 
feldspars  become  highly  sericitized,  but  often  albite  is  developed 
as  a  result  of  the  vcin-altoiation — pj/..  in  the  New  Loch  Fyne, 
A  1.  Rose  of  Denmark.  Kvening  Star,  and  Working  Miners'  dykes. 
In  such  cases  it  is  also  geneiallv  ])res(Mit  in  the  adjoining  quartz- 
veins.  Furthermore,  albit*-  is  often  dcvelojxd  in  the  process  of 
replacement  of  the  dyke  wall  rock  b\'  the  vein-quartz,  as  in 
the  Morning  Star,  Rose  of  Denmark,  and  Working  Miners' 
mines.  Carbonates  partially  rej)lac(!  the  feldspars  in  certain 
cases,  and  a  little  secon(lai\'  (piartz  is  sometimes  formed  at  the 
same  time. 
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The  only  stable  minerals  are  quartz  and  apatite,  and  their 
stability  is  only  relative,  as  they  sometimes  suffer  attack  and 
replacement.  Of  the  secondary  minerals,  dusty  carbonates  and 
flakes  of  sericite  are  most  abundant.  Frequently  they  comprise 
more  than  50  %  of  the  altered  rock.  The  intensity  of  carbo nation 
appears  to  vary  in  a  general  way  with  the  basicity  of  the  rock. 
Carbonates  are  absent  in  certain  vein-altered  quartz  porphyries 
from  Brohan's  reef,  junction  of  Jordan  and  Thomson  Rivers,  &c., 
while  in  the  altered  ultra-basic  rocks — e.g..  New  Loch  Fyne  dyke — 
they  sometimes  constitute  more  than  50%  of  the  rock.  Sericite, 
on  the  other  hand,  is  extensively  developed  in  the  acidic  types, 
^nd  is  not  so  abundant  in  the  altered  basic  and  ultra-basic  rocks. 
Another  peculiar  feature  is  that  pyrite  is  often  more  abundant  in 
the  sericitized  rocks  than  in  the  highly  carbonated  ones. 

The  calculated  approximate   mineral  compositions  of  sonie  of 
these  vein-altered  rocks  are  given  in  the  accompanying  table  • — 


1 

2 

3 

y 

Sericite*    . . 

29.75 

23.40 

40.00 

Ankerite  . . 

35.82 

25.54 

22.20 

Albite 

11.92 

21.72 

— 

Quartz 

16.30 

16.70 

35.40 

Anorthite . . 

2.86 

— 

— 

Ilutile 

— 

1.79 

1.40 

Leucoxene 

3.09 

0.77 

— 

Apatite     . . 

— 

1.54 

— 

Pyrite 

0.93 

0.85 

Kaolin 

4.50 

— 

Excess  AI2O3 

— 

1.14 

— 

FcoOj       . . 

0.61 

1.95 

0.08 

100.35 

99.98 

99.93 

1— Vein  altered  fliorite  porphyritc  within  Morning  Star  dyke,  with  1  ft  of 
('herry*8  Keef,  Hope  adit  level. 

2. — Vein-altered  diorito  porphyrite,  New  Loch  Kyno  dyke,  from  within  1  ft.  of 
quartz  "  floor,"  No.  1  level  below  No.  5  adit  level. 

3.  —  N'ein-altered  A  1  dyke  close  to  (luart/.  "floor,"  No.  9  intermediate  level, 
A  1   mine. 


*  Theoretical  muscovite. 
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(c)  Summary  of  Effects  of  Alteration  by  tin'  Vein-Solutirms. — 
The  liolocrystalliiu^  niediiim  to  coarse-grained  inelaiioc ratio  rocks 
of  the  propylitic  fades  are  converted  into  yellowish-green  aphanitic 
rocks  impregnated  witli  pyrite  and  arsenopyrite. 

Chemically,  COg  and  K.^O  have  increased  greatly  and  MgO 
sliglitly.  XaoO,  SiO.^,  and  HoO  have  been  markedlv  reduced, 
and  TiOo,  FeO.  and  AloO.,  partially  leached. 

The  microscope  shows  that,  with  the  exception  of  apatite  and 
some  of  the  ([uartz,  all  the  minerals  of  the  original  rocks  have 
succumbed  to  the  intense  chemical  action  of  the  alkaline  carbonate 
vein-solutions  and  have  been  replaced,  for  the  most  part,  by 
ankeritic  and  dolomitic  carbonates  and  sericite,  usually  with 
some  quartz,  albit^^  pyrite,  and  sphene  and  rutile. 

Chlorite  (pennine).  the  characteristic  mineral  of  the  propylitized 
rocks,  entirely  disa])pears  close  to  the  vein  walls,  and  apparently 
is  imstable  under  the  action  of  the  vein-solutions.  Sericite,  which 
is  rare  in  the  propylitized  rocks,  is  extremely  abundant  in  the 
vein-altered  ones.  The  carbonates  of  the  propylitic  fades  are 
massive  and  cleaved,  and  fill  interstices  between  the  rock-minerals, 
while  those  of  the  vein-altered  wall-rocks  are  dusty  and  granular, 
and  occur  replacing  the  same  minerals.  The  progressive  stages 
in  the  replacement  of  the  minerals  are  extremely  well  illustrated 
in  thin  sections  of  these  rocks.  As  usual,  the  femic  minerals  in 
the  order  hornblende,  biotite,  augite,  are  the  first  to  disappear. 
Alt<iration  starts  along  microscopic  cracks  and  cleavage  planes  in 
these  minerals,  and  rapidly  spreads  inwards.  Fine  pseudomorphs 
of  carbonates  and  sericite  aft<M-  idiomorphic  hornblende,  augite, 
and  biotite  can  often  be  recognized. 

The  effects  of  the  regional,  magmatic,  and  propylitic  alterations 
are,  in  the  main,  constructive.  Much  of  the  micro jwgmatite, 
({uai'tz,  albitc,  carbonates,  and  pyrrhotito  which  are  formed  at 
this  stage  fill  interstices  in  the  rocks. 

Destructive  metasomatic  replacement  is  largely  confined  to 
<;hloritization  and  the  formation  of  leucoxene,  with  the  develop- 
ment of  a  little  carbonate,  epidotx\  pyrite,  and  sericitt\  The 
hydrothermal  alteration,  on  the  other  hand,  as  has  Ikhmi  shoNMi, 
is  intensely  destniftiv<». 
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There  seems  every  reason  for  believing  that  the  attacking 
solutions  in  both  cases  were  of  similar  composition — i.e.,  rich  alka- 
line carbonate  solutions.  AVhat,  then,  is  the  cause  of  the  difference 
in  their  effects  ?  The  results  of  Konigsberger's  and  Miiller's 
experiments  indicate  a  possible  explanation  (No.  30,  p.  569). 
According  to  these  workers,  the  attack  of  alkaline  carbonate 
solutions  on  various  rock-forming  minerals  appears  to  become 
considerable  at  those  temperatures  at  which  they  become  strongly 
hydrolyzed.  and  that  free  CO 2  diminishes  the  activity  of  the 
alkali.  They  showed  that  quartz,  muscovite,  and  adularia  were 
dissolved  completely  in  a  20  ^^  solution  of  NagCOg  at  350°  C, 
and  that  water  containing  both  CO.,  and  NaaCOg  had  very  little 
action  on  quartz,  adularia,  muscovite,  sphene,  biotite,  &c.,  at 
370°  C. 

It  seems  reasonable  to  expect  that  free  CO  2  would  be  present 
at  the  higher  temperatures  of  the  regional  magmatic  and  propy- 
litic  alterations,  which  would  explain  their  minor  destructive 
effects.  The  vein-solutions,  on  the  other  hand,  probably  contained 
little  or  no  free  COo,  and  their  temperature  was  such  that  they 
were  strongly  hydrolyzed,  resulting  in  the  intense  destructive 
metasomatic  alteration  of  the  wall-rock. 

C. — NOTES    ON    CERTAIN    MICAS    OF    METASOMATIC    ORIGIN. 

\Vbite  micas,  containing  abundant  inclusions  of  needles  of  rutile 
and  often  interlaminated  carbonates,  are  common  in  the  meta- 
somatically-altcred  dyke  rocks  of  this  belt.  It  was  at  first 
thought  that  they  were  ordinary  muscovite  or  sericite,  but 
chemical  and  microscopical  examination  has  proved  without 
doubt  that  most  of  them  are  bleached  and  carbonated  biotite. 

Silver)'  flakes  of  mica  were  isolated  from  the  Kelly's  Hill  dyke, 
near  Matlock,  and  subjected  to  examination.  Under  the  micro- 
scope basal  sections  shciwed  some  carbonates  and  abundant 
*'  sagenitic  "  webs  of  rutile.  Some  of  the  mica  was  treated  with 
acid  to  remove  the  carbonatcjs  and  then  examined  under  con- 
vergent |Kjlarizf;d  light.  A  black  cross,  which  hardly  divided  on 
rotation,  was  obtained  with  certain  flakes,  and  in  all  cases  the 
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optical  axial  angle  was  small  compared  with  flakes  of  muscovite 
of  approximately  equal  thickness. 

A  chemical  analysis  of  the  impure  mica,  and  also  a  partial 
analysis  of  the  extract  by  dilute  hydrochloric  acid  at  the  boiling 
temperature  of  water,  gave  the  following  results,  viz.  *  — 


SiOg 

AI2O3 

Fe203 

FeO 

MgO 

CaO 

K2O 

NaaO 

H2O  + 

H2O- 

COo 

Tidg 

MnO 

P2O5 


Total 


1 

2 

% 

X 

35.32 

— 

13.72 

0.55 

6.99 

5.45 

7.65 

3.96 

9.53 

9.33 

3.93 

1.12 

— 

2.59 

— 

0.67 

14.95 

— 

3.72 

— 

abs. 

— 

100.74 


1— Impure  white  mica  in  vein-altered  dyke,  Kelly's  Hill  mine,  near  Matlock 
Analyst,  N.   K     lunner 

2— Extract  from  "  1  "  with  dilute  HCl  at  boiling  temperature.  Analyst, 
N.  It    lunner. 

The  ratio  of  silica  to  alumina,  combined  with  the  relatively  high 
percentage  of  TiO-j,  suggests  at  once  that  this  mica  belongs  to  the 
biotite  class,  and  this  belief  is  strongly  supported  by  the  above- 
mentioned  optical  examination  of  it. 

A  similar  white  mica  separated  from  the  vein-altered  A  1  dyke 
(specimen  No.  18,  analysis  No.  6 — vide  supra,  p.  188)  gave  2.8% 
TiO.,,  on  analysis,  confirming  the  presence  of  rutile,  which  is  si^.en 
ill  siigenite  webs  under  the  microscope.  Biotite  has  been  noiied 
in  the  propylitic/ac?>^  of  the  A  1  dyke,  and,  without  doubt,  the 
white;  mica  is  the  bleached  form  of  this  mineral. 

Other  motasomatic  white  micas  of  a  similar  kind  occur  in  the 
altered  K()s«»  of  Deninark,  Alabama,  Ten-Mile,  New  l.K)ch  Fyne, 
and   Waterloo   (iully   dykes. 


Tlic  invscuco  ov  abscuco  oi  iiu'luded  ncodles  of  rutilo  in  these 
micas  is  a  useful  criterion  in  determining  their  original  characters. 

Hand  specimens  of  certain  higldy  carbonated  basic  rocks — e.g., 
New  Locn  Fyue,  Hunt's,  and  the  A  1  dykes — often  contain  small 
patches  and  spots  of  an  apple-green  coloured  mineral.  Examined 
microscopically,  this  mineral  is  seen  to  occur  in  colourless  or  light 
green  coloured  wisps  and  laths.  It  is  slightly  pleochroic  in  some 
sections,  and  its  ]»olarization  colours  are  high,  approaching  those 
uf  muscovite,  which  distinguishes  it  at  once  from  chlorite,  and 
sugorests  that  it  is  either  chrome  or  vanadium  mica. 

A  partial  analysis  of  a  highly-carbonated  green -coloured  variety 
of  the  Xew  Loch  Fyne  dyke,  from  No.  o  adit  level,  gave  0.29  % 
CtjOj.  and  failed  to  detect  any  V^Oo.  A  thin  section  of  the 
rock  examined  under  the  mici'oscope  showed  the  presence  of 
flakes  of  a  li*2:ht  green  pleochroic  mica  in  addition  to  sericite, 
carlxniates,  rutile.  and  quartz.  Consequently,  there  can  be  little 
room  for  doul)ting  that  tlu^  ^'i"2^^.i  is  resident  in  the  green  mica. 
To  discover  whether  or  not  the  Cr203  had  been  introduced  in  the 
hydrothermal  solutions,  an  analysis  was  made  of  the  least-altered 
dyke  from  the  same  vicinity  for  CroO;,.  The  result,  0.23  %  CrgOg, 
indicates   that  the  chromium  was  originally  present  in  the  rock. 

2. — Origin  of  the  Vein  Conduits  in  Dykes, 
a.  -rontkaction,  jointing,  and  faulting. 

Several  views  have  bcsen  expressed  as  to  the  origin  of  tlu;  vein- 
channels  in  the  dykes. 

According  to  H.  Thompson  (Xo.  49,  p.  240),  "  TIk;  flat  veins  of 
quartz  in  the  diorito  dykes  do  not  penetrate  to  any  great  depth, 
and  are  really  (letar-hed  strings  of  rpiartz  having  no  coimoction 
with  one  another.'' 

Phillips  (Xo.  :ii),  p.  (i4:j)  (;laini(Ml  "  that  the  origin  of  the  'floors' 
was  due  to  the  filling  of  cracks  near  the  surface  by  secondary 
solutions  (hw  to  the  breaking  down  of  auriferous  pyrites." 

Mr.  O.  A.  \j.  W'hitelaw  (Xo.  55,  p.  J3)  regarded  the  quartz  reefs 
as  filling  contraction-fi.ssun^s  in  the  dykes  causcnl  by  the  drying 
and  cooling  of  the  plastic  dyke-rrmss. 
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W.  Lindgren  (No.  31,  p.  13-4)  has  expressed  a  doubt  that  the 
last-named  explanation  is  the  correct  one  in  the  case  of  the  reefs 
in  the  Morning  Star  dyke. 

The  writer's  owni  study  of  the  question  has  convinced  him  that 
two  factors — contraction-jointing  and  orogenic  movements — havo 
led  to  the  formation  of  the  greater  bulk  of  the  vein-channels. 

In  the  narrow  dykes  he  is  of  the  opinion  that  many  of  the  veins 
fill  contraction  joints.     The  evidence  for  this  view  is  as  follows  : — 

(1)  The  quartz- veins  in  these  dykes  frequently  occiu:  in  form  of 
flat,  apparently  disconnected  "  ladder  veins,"  which  usually  end 
abruptly  at  the  dyke  walls. 

(2)  AMiere  the  reefs  continue  out  into  the  country-rock  they 
soon  fray  out  and  disappear. 

(3)  Prismatic  jointing  is  conmion   in   many  of  these   dykes. 
As  previously  mentioned,  many,  if  not  most,  of  the  reefs  in  the 

dyke  expansions  occur  in  faidts.  However,  prismatic  jointin<:j 
parallel  to  the  main  reefs  is  particularly  well  developed  in  certain 
of  these  dykes — e.g.,  Morning  Star,  A  I,  and  New  Loch  Fyne.  In- 
filling these  joints  in  practically  every  instance  are  embryonic 
veins — threads  of  (piartz  and  carl)onate  which  are  sometimes 
auriferous,  and  which  rarely  exceed  one  (juarter  of  an  inch  in 
thickness.  Similar  joints,  containing  veinlets  of  quartz,  occur  in 
the  strata  in  tlie  immediate  vichiity  of  the  dykes  hi  some  cases. 
It  is  probal)le  that  the  original  jointing  of  these  dyke  expansions 
was  determined  by  contraction,  and  that  movement  occurred 
along  these  planes  prior  to  the  introduction  of  the  quartz. 

On  the  (jther  haiul,  numerous  instances  have  l)een  noted  of 
reefs  occupying  strike-faults  which  are  quite  independent  of 
contraction-jointing  {vide  supra,  p.  145). 

13 .  — REPLAC  E  M  E  N  T . 

A  study  of  thin  sectiojis  of  many  of  the  reefs  occurring  l^oth 
within  <lyke  rocks  and  within  Silurian  slates  and  sandstones 
indicatt^s  that  they  have  Ixxjn  formed  in  part  by  the  gradual  meta- 
soinatic  re])lacem(Mit  by  (juartz  of  the  wall-rock  surrounding  small 
cracks  anti  fissures. 
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In  reefs  in  the  strata  a  laminated  or  brecciated  character  is  the 
rule — e.g.,  Cohen's  Creek,  Harbinger,  Fulton's,  Bismarck,  Sailor 
Bill,  Ten-Mile,  and  numerous  others.  Thin  slices  of  these  reefs 
examined  microscopically  show  that  the  brecciated  fragments  of 
the  wall  rock  have  been  partially  replaced  by  quartz,  albite,  pyrite, 
and  sericite.  Some  sections  show  the  complete  replacement  of 
the  included  fragments  by  interlocking  grains  of  quartz  and  dusty 
pyrite  and  the  separation  of  black  opaque  rock  residues.  The 
laminations  are  composed  chiefly  of  granulated  quartz,  pyritized 
films  of  the  wall-rock,  and  finely-divided  pyrite  and  arsenopyrite. 

Many  of  the  reefs  within  the  dykes  have  been  enlarged  by  the 
replacement  of  the  dyke  wall-rock,  as  will  be  seen  from  the  fol- 
lowing examples  :  — 

Specimen  No.  Jo,  auriferous  vein-quartz,  400-ft.  level,  Morning 
Star  mine. — Included  fragments  of  the  dyke  wall  rock  are  present 
in  this  section.  They  are  replaced  for  the  most  part  by  granular 
quartz  and  prisms  and  laths  of  clear  albite.  Sericite  and  p3^rite 
and  a  little  carbonate  are  also  present.  The  boundaries  of  the 
inclusions  merge  gradually  into  coarsely  crystalline  vein-cjuartz. 
A  further  stage  in  the  replacement  is  seen  in  pkces  in  the  same 
slide.  A  mosaic  of  irregular-bounded  interlocking  grains  of  quartz 
associated  with  some  yellow  leucoxene  and  rutile,  dusty  rock 
residues,  and  a  little  finely-divided  pyrite,  are  all  that  remain  of 
the  inclusions. 

Specimen  No.  UA,  rich  floor.  No.  9  intermediate  level,  A  1  mine. 
— The  greater  bulk  of  the  quartz  in  this  portion  of  the  reef  is  of 
replacement  origin.  Fonner  brecciated  fragments  of  the  wall 
rock  are  now  converted  into  aggregates  of  granular  quartz  and 
dusty  pyrite.  Much  of  the  pyrite  occurs  in  parallel  lines  or 
laminations  associated  with  opaque  rock  residues  and  replacing  the 
latter. 

Specimen  No.  J 7,  stopes  below  No.  9  level,  A  1  mine. — Two  types 
of  quartz  are  present  in  this  section — 

(1)  (-Xjarse  vein-quartz,  often  idiomorphic,  and  exhibiting  comb 
structure  in  places.  Some  bournonite  is  present  in  this  quartz, 
but  no  gold. 
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(2)  Finely-granular  anhedral  quartz  admixed  with  abundant 
dusty  and  granular  pyrite  and  a  little  leucoxene  close  to  the  vein- 
walls. 

Specimen  No.  J7B,  stopes  below  No.  9  level,  A  1  mine. — 
Numerous  skeletons  of  included  slate  fragments  partially  replaced 
by  quartz,  chlorite,  carbonates,  sericite,  and  dusty  pyrite  are 
present  in  this  section.  In  nearly  all  cases  the  chlorite  fringes  the 
inclusions.     The  bulk  of  the  quartz  is  of  the  ordinary  vein-type. 

No.  JIG,  contact  of  vein-quartz  with  dyke,  No.  6  level  below 
main  adit  level,  Rose  of  Denmark  mine. — The  sericitized  and 
carbonated  dyke  wall  rock  has  been  extensively  replaced  by  a 
granular  quartz  mosaic  with  some  carbonate  and  sericite  and 
pyrite.  Traces  of  leucoxene,  apatite,  sericite,  rutile,  pyrite,  and 
arsenopyrite  remain  from  the  original  rock.  The  bulk  of  the 
sericite  has  been  replaced  by  albite  and  quartz,  and  the  dusty 
carbonates  have  given  place  to  a  more  massive  type.  The  vein 
consists  of  albite,  carbonate,  and  quartz,  and  represents  a  further 
stage   in   the   replacement. 

This  specimen  has  been  subjected  to  considerable  pressure,  as 
is  proved  by  the  curved  and  fractured  laths  of  albite  and  carbonate, 
and  by  the  strain  polarization  and  granulation  of  the  quartz. 

No.  J15,  contact  of  dyke,  vein-quartz,  and  included  slate 
fragments,  main  adit  level,  Working  Miners'  dyke,  Kevington.— 
Skeletons  of  former  dyke  inclusions  m  the  quartz-veins  are 
presiMit  in  form  of  mosaics  of  interlocking  quartz  grains  with  a 
little  finely-divided  pyrite.  Pellucid  albite  has  been  developed 
round  these  inclusions.  The  slate  fragments,  in  which  detrital 
grains  of  blue  tourmaline  and  colourless  zircon  are  common, 
have  been  greatly  sericitized  and  carbonated,  and  in  places 
replaced  by  quartz,  clear  albite,  and  dusty  pyrite.  The  latter 
mineral  appears  to  be  replacing  residual  rock  dust  for  the 
most  part. 

As  in  tlu^  previous  example,  effects  of  pressure  are  evident  in 
the  twisting  of  the  laths  of  albite,  strain  polarization  in  the  quartz, 
and  in  the  fracturing  of  the  grains  of  pyrit<;  and  arsenopyrite. 
' 'iirbonates  fill  the  fractures  in  the  sulphides. 
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No.  J-12,  dark-coloured  auriferous  quartz,  wall  of  No.  2  reef, 
stopes  from  No.  2  level  below  main  adit  level,  New  Loch  Fyue 
mine. — ^By  far  the  greater  part  of  the  quartz  is  replacing  dyke 
material.  The  process  of  replacement  has  reached  an  advanced 
stage,  althougli  numerous  sericitized  and  carbonated  inclusions 
of  the  dyke  waU-rock,  partially  replaced  by  quartz,  can  be 
recognized.  Grains  of  pyrite  and  tetrahcdrite  (?)  arc  scattered 
through  these  inclusions  and  also  through  the  quartz,  givhig  to  it 
the  dark  colour  seen  in  hand  specimens.  Some  fresh  albite  is 
visible  in  places,  and  much  of  the  quartz  appears  to  be  replacing 
this  mineral,  whose  prismatic  shape  and  cleavage  it  has  retained. 
Relics  of  leucoxene  and  rutile  are  not  uncommon  in  the  rock. 
The  gold  occurs  in  minute  grains  deposited  on  pyrite  and  tetra- 
hedrite  (?),  and  in  one  place  on  carbonates  and  veining  quartz 
in  a  partly  replaced  fragment  of  d5'ke.  An  irregular  lamination, 
consisting  of  finely-divided  pyrite  and  tetrahcdrite  associated 
with  some  ankerite,  traverses  the  vein.  Effects  of  pressure 
are  noticeable  in  the  strain  polarization  and  granulation  of  the 
quartz. 

Laminated  (juartz,  stopes  above  No.  2  level  below  main  adit 
level,  New  Loch  Fyne  mine. — Two  distinct  laminations  are 
present  in  this  section.  One  of  them  is  composed  chiefly  of 
carbonates,  and  is  traversed  by  a  narrow  veinlet  of  arsenopyrite, 
pyrite,  and  jamesonite  (?).  The  other  consists  of  granular 
arsenopyrite,  pyrite,  and  jamesonite  (?),  which  latter  mineral 
occurs  in  silvery-grey,  vertically  striated  prisms  and  needles,  and 
in  massive  form,  replacing  pyrite  in  part.  The  laminations  are 
not  of  replacement  origin.  They  appear  to  be  slip-planes  or 
minute  fractures  in  the  quartz.  The  bulk  of  the  latter  mineral 
is  of  the  ordinar}'  fissure -filling  type. 

C. — FISSrRE-FILLElJ    VEINS. 

(Jii  the  (jther  hand,  thon^  is  abundant  (jvidence  that  nuich  of 
the  quartz  has  been  deposited  from  solution  in  open  spaces. 
Comb  stnicture — prisms  of  quartz,  (carbonates,  and  sometimes 
albite  projecting  from  the  vein-walls — is  well  developed  m  many 
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reefs  in  dykes — e.g..  Little  Comet,  Hunt's,  New  Locli  Fyno,  Blue 
Jacket,  Al,  &c.  In  many  cases — e.g..  Evening  Star  dyke.  Wood's 
Point — prisms  of  quartz,  pyramidally  terminated,  project  inwards 
from  each  wall  of  the  vein,  leaving  an  open  space  between  the 
crvstals. 

Drusy  cavities  or  vugs,  sometimes  of  large  size,  are  common 
in  many  of  the  reefs  in  the  dyke  bulges — e.g.,  Evening  Star,  New 
Loch  Fyne,  Eldorado,  A  1,  &c.  Coarsely-crystallized  (piartz, 
dolomite,  and  calcite  occur  in  these  cavities.  The  loosely 
crystalline  character  of  the  quartz  in  certain  reefs  is  also  suggestive 
of    fissure -filling. 

Both  I'cplacement  and  fissure-filling  may  occur  in  the  same 
reef  within  a  few  feet  of  one  another. 

For  instance,  the  rich,  narrow,  laminated  reef  of  re])lacem(mt 
origin  worked  at  present  ])y  the  New  Loch  Fyne  Company  between 
No.  1  and  No.  2  levels,  below  the  main  adit  level,  passes  in  places 
into  a  wide,  poorly  auriferous  reef  in  which  the  laminated  structure 
is  absent.  The  quartz  shows  comb  structure,  and  is  in  ]uirt 
crystalline  and  vuggy. 

•S. — The  Origin  of  the  Gold. 

The  follo\ving  views  have  l)een  expressed  at  \'aii()us  iim(\s  as 
Ui  the  origin  of  the  gold  in  the  reefs  of  this  l>elt. 

Mr.  H.  A.  Thompson  (No.  49,  p.  248),  dealing  with  the;  Wood's 
Point  reefs,  claimed  that  the  mii\eral  contents  of  the  veins  were 
derived  from  the  rocks  bounding  them.     He  furthrr  states  that 

*'  Near  the  fiurfacc  these  dykes  are  nuich  decomposed,  and  in  this 
condition  the  (juartz  veins  traversing  them  have  yielded  large 
quantities  of  p;old  ;  but  as  the  rock  becomes  hard  and  compact  at  a 
greater  (hq)th  the  gold  in  the  vein.s  decreases,  indicating  that  this 
decomposition  of  the  bounding  rock  and  the  consequent  liberation 
of  the  contained  gold  was  necessary  to  the  aggregation  of  the  latter 
in  the  quartz  veins.  The  dyke  may  contain  quite  as  large  an 
amount  of  gold  where  the  quartz  veins  are  worthless  as  it  does  where 
they  are  rich,  i)ut  it  will  requin*  long  ages  to  pass  over  them  before 
the  nece.ssarv  changes  are  nfferted  that  would  rciKh-r  ih.'  uold 
available."' 
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According  to  Mr.  K.  A.  F.  Murray  (No.  34,  p.  70),  the  general 
ap|x\inince  of  the  reefs  in  this  district  is  greatly  in  favour  of  the 
theory  that  the  quartz-veins  and  the  contained  metals  and 
minerals  were  segregated  from  the  surrounding  rocks  into  cracks 
and  fissures. 

In  his  '^  Geology  of  Victoria  "  (No.  35,  pp.  122  and  123),  Mr.  R. 
A.  F.  Murray  quotes  the  late  Dr.  Howitt's  view  that  the  gold  of 
our  reefs  came  from  the  sea  water  of  Silurian  times,  and  was 
later  collected  together  by  hot  solutions  from  granitic  magmas. 

Mr.  Mennell  (No.  33,  p.  396),  in  his  description  of  the  Morning 
Star  dyke,  suggested  that  the  gold  came  from  minute  quantities 
of  gold  present  in  the  adjoining  sediments  and  was  re-deposited 
in  the  quartz-veins  by  the  action  of  heated  acid  waters  connected 
with  the  intrusion  of  the  dyke. 

Let  us  now  examine  these  and  other  theories  usually  advanced 
to  account  for  the  origin  of  the  gold,  and  see  how  far  they  conform 
to  the  facts. 

1. — The  gold  was  deposited  with  the  Silurian  sediments  and  was 
later  collected  and  concentrated  by  hot  ascending  waters. 

Dr.  A.  W.  Howitt  and  Messrs.  R.  A.  F.  Murray,  E.  J.  Dunn, 
and  T.  S.  Hart  have  supported  this  theory.  To  test  it,  Dr.  Don 
(No.  10,  p.  568)  analyzed  the  country-rock  (slates  and  sandstones) 
from  the  deeper  levels  of  the  Long  Tunnel  mine,  Walhalla,  at  various 
distances  from  the  lode.  His  results  showed  that  no  gold  exists 
in  the  sedimentary  rocks  away  from  the  quartz-veins  and  dykes, 
and  that  a  marked  inverse  ratio  exists  between  the  auriferous 
contents  and  the  distance  from  the  lode. 

Furthermore,  this  theory  receives  no  support  from  the  mode 
of  occurrence  of  the  gold. 

2. — The  gold  was  originally  present  in  the  minerals — e.g.,  horn- 
blende, augite,  and  biotite — of  the  dykes. 

In  numerous  localities  in  Australia  and  New  Zealand  auriferous 
quartz-veins  occur  in  or  directly  associated  with  igneous  rocks 
rich  in  hornblende  -  c.ry.,  Kalgoorlie  (W.A.),  Hauraki  (New 
Zi'aland),  T'liart-f^rs  Towers  and  Mount  Morgan  (Qmiensland), 
Walhalla.    Wood's     lV)int,    Daigo,    Rheola     (in    Victoria)  ;     and, 
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according  to  Mr.  Pittman  (Xo.  40,  p.  02),  ''  In  every  case  in 
New  South  Wales  where  auriferous  reefs  are  associated  with  srranite 
the  latter  is  hornblendic."  Exotic  occurrences  of  a  similar  nature 
are  very  common — e.g.,  Transylvania,  Comstock,  Juneau 
(Alaska),  &c. 

Numerous  writers  have  claimed  that  the  gold  in  these  deposits 
was  originally  present  in  the  hornblende  and  other  minerals  of 
the  igneous  rocks. 

G.  F.  Becker  (No.  4,  p.  224)  has  suggested  that  the  repository 
of  the  silver  and  gold  of  the  Comstock  lode  was  the  augite  and 
other  iron-magnesian  minerals  of  the  diabase  comitr}'-rock. 

Prof.  F.  W.  Hutton  (No.  2G,  p.  272),  speaking  of  the  Hauraki 
gold  field,  says  : — "  There  is  no  reasonable  doubt  that  the  gold 
came  from  out  of  the  volcanic  rocks,  and  was  not  brought  into 
them  from  below." 

B.  von  Tnkey  (No.  51)  believed  that  the  hornblende,  augite, 
and  possibly  biotite  were  the  source  of  the  precious  metals  found 
in  the  Transylvanian  andesites  and  dacites. 

C.  G.  Gibson  (No.  42,  p.  29)  suggests  that  at  Kalgoorlie  the  gold 
was  originally  present  in  the  iron-magnesian  minerals  of  the 
greenstones,  and  on  their  alteration  to  chlorite  the  gold  was 
released. 

F.  R.  Feldtman  (No.  14,  p.  1)1),  however,  expresses  a  doubt  that 
this  explanation  is  the  correct  one. 

H.  A.  Thompson  (No.  49,  p.  248)  claimed  that  at  Wood's  Point 
the  mineral  contents  of  the  veins  were  derived  from  the  rocks 
bounding  them. 

To  test  this  theory  at  Walhalla,  Dr.  Don  (No.  10,  p.  575)  made 
comprehensive  analyses  of — 

P  (1)  Cohen's  dyke,  containing  no  sulphides,  and  not  associ- 

ated with  an  auriferous  quartz  reef. 

(2)  Cohen's  dyke,  associated  with  such  reefs. 

(3)  Hornblende    separated    from    Cohen's    dyke    and    the 

Thomson  River  copper  mine  dyke. 
His   results  indicate   that   when   no   quartz   is  associated   with 
Cohen's  dyke  the  rock  contains  little  or  no  sulphides,  and  is  non- 
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auriferous  ;  that    wIumo   t\\v  dyke   is  associated  with  quartz,  but 
the   quartz  is  not  auriferous,  tlio  dyke  is  likewise  barren  ;  that 
the  percentage  of  sul})hide  in  the  dyke  is  greatly  increased  when 
it  is  associated  witli  liighly  ]>vritiferous  quartz,  and  that  in  this 
case  tlie  dyke   sulphides  are   auriferous,   though   much  less  tlian 
those  of  tlie  associaUnl  reefs  ;  and  that  not  a  trace  of  gold  is  present 
in  the  liornblende  (No.   10.  p.  ()^y2). 

Thanks  to  the  courtesy  of  Mr.  M.  Copland,  the  following  assays 
were    made    fo?-    the   writer   by  Mr.   H.   R.  Murphy,    lecturer    in 
assaying  at   the   School   of   Mines,   Ballarat,   of   propylitized  and 
vein-altered  rocks  from  the  vicinity  of  Wood's  Point  and  Gaffney's 
Creek  :— 
No.  24.-  Propylitized  mica  hornblende  lamprophyre, 

A  1  mine  . .  . .  . .    No  gold  detected 

No.    67. — Propylitized    diorite    porphyrite,    400-ft. 

level,  Morning  Star  mine    . .  . .  . .    No  gold  detected 

No.  7. — Vein-altered  dyke  containing  a  little  pyrites, 

No.  9  intermediate  level,  A  1  mine         . .    No  gold  detected 
No.  135, — Vein-altered  dyke  with  very  little  pyrites. 

Hunt's  mine    . .  . .  . .  .  .  . .    No  gold  detected 

No.  40. — Vein-altered  dyke  containing  a  good  deal  of 

pyrites,  Hope  adit  level.  Morning  Star  mine  3.5    gr.    of    gold 

per  ton 
These  results  suggest  that  there  is  no  gold  inherent  in  the  pro- 
pylitized rocks  away  from  the  quartz-veins,  and  that  gold  is  only 
present  in  the  vein-altered  types  when  pyrites  is  present. 

Tlie  following  field  and  petrological  evidence  supports  Dr. 
J  Jon's  conclusions  that  the  gold  has  not  been  derived  from  the 
hornblende  or  other  minerals  of  the  dyke  rocks  associated  with 
the   reefs  : — 

(1)  The  history  of  mining  in  this  belt  has  shown  that  the  most 
payable  reefs  occur  in  association  with  dyke  rocks  of  intermediate 
ta  basic  composition,  and  that  quartz-veins  associated  with  the 
more  acid  and  more  basic  types  have  yielded  little  gold.  If  we 
accept  as  a  premise  that  the  dykes  are  consanguineous,  then  it 
would  appear  that  the  origin  of  the  gold  is  a  factor  of  the  differ- 
entiation of  the  dykes. 
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(2)  We  should  expect  that  the  metasomatically  altered  rocks 
wliicli  were  originally  very  rich  in  hornblende  and  other  iron- 
naagnesian  minerals,  such  as  the  Aberfeldy  peridotite,  horn- 
blendite  from  Thomson  River  copper  mine,  and  Shamrock's  dvke, 
Wood's  Point,  should  be  associated  with  rich  gold  values.  The 
reverse  is  the  case.  These  dykes  contain  copper,  platinum,  and 
silver  in  small  quantities,  but  gold  is  usually  lacking  or  present 
in  very  small  amounts. 

(3)  The  theory  does  not  explain  the  occurrence  of  gold  in  the 
quartz-veins  in  the  sedimentary  rocks  outside  the  dyke  belt. 

(4)  The  unaltered  or  slightly  altered  dyke  rocks  should  be  richer 
in  gold  than  the  highly  metasomatically  altered  ones.  This  is 
not  the  case,  as  Dr.  Don's  results  and  Mr.  Murphy's  assays  show. 

.'5. — The  gold  came  from  magmatic  sources.  Practically  all  the 
available  evidence  is  in  support  of  this  tlieory. 

That  the  veins  were  formed  from  solutions  passing  through 
cracks  and  fissures  in  the  dyke  rocks  is  certain  from  the  replace- 
ment of  the  wall-rock  adjoining  the  veins  and  the  comb  structure 
exhibited  by   many   reefs. 

The  nature  of  the  minerals  formed  by  the  intense  metasomatic 
alteration  of  the  dyke  wall  rocks  by  the  vein-solutions  shows 
that  the  latt<>r  were  considera])ly  heated  ascending  solutions  rich  in 
alkaline  carbonates,  and  containing  also  small  quantities  of  iron, 
sulphur,  arsenic,  antimony,  &c.  That  these  solutions  were  the 
vehicles  for  the  introduction  of  the  gold  is  undoubted.  Gold  is 
known  to  be  soluble  in  alkaline  sulphides,  and  such  were  present 
in   th(^   vein-waters. 

Tlie  constant  association  of  the  auriferous  veins  with  dyke  rocks 
of  dioritic  and  gabbroidal  composition  is  more  than  fortuitous, 
and  admits  of  only  one  conclusion — namely,  that  they  are  of 
congeneric  origin.  Thn  reefs  occur  within,  intersecting  and 
directly  associated  with  the  dykes,  and  no  who  re  do  the  latter 
cut  the  former. 

The  magma  from  which  the  dykes  originated  was  a  hydrous 
one,  as  is  proved  by  the  abundant  hornblende,  biotite,  and  apatite 
in   these   rocks.     Furthermore,   the    regional   magmatic   and   pro- 
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pylitic  alterations  were  caused  by  silicious  and  alkaline  carbonate 
waters  of  magmatic  origin,  and  it  seems  reasonable  that  the 
alkaline  carboiuato  voin-waters  had  a  similar  genesis. 

4. — Par  AGENESIS  of  the  Vein-Minerals. 

The  opaque  minerals  present  in  the  veins  are  pyrite,  arseno- 
pyrite,  bournonite,  tetrahedrite,  sphalerite,  galena,  chalcopyrite, 
stibnite,  jamesonite,  and  gold. 

The  gangue  minerals  consist  of  quartz,  calcite,  dolomite,  ankerite, 
albite,  and  occasionally  sericite,  and  in  one  case  chrome -bearing 
mica. 

The  percentage  of  sulphides  in  the  reefs  averages  about  1  %. 
The  gold  is  generally  free,  and  in  most  cases  it  is  fairly  coarse. 
In  many  mines  the  gold  is  intimately  admixed  with  bournonite. 
Thin  sections  of  the  ore  from  the  A  1  mme  show  the  relationship 
of  these  two  minerals  very  well.  In  one  specimen  from  the  850-ft. 
level  the  bulk  of  the  gold  is  disseminated  through  the  bournonite, 
and  in  places  encrusts  it.  In  other  parts  of  the  section  veinlets 
of  bournonite  traverse  the  gold.  Idiomorphic  quartz  crystals  and 
some  sphalerite  are  included  in  the  bournonite.  The  sphalerite  is 
coated  and  replaced  by  bournonite  and  chalcopyrite,  and  the 
latter  mineral  encrusts  the  bournonite. 

Specimen  No.  Jll,  rich  ore.  No.  9  intermediate  level,  A  1  mine. — 
The  gold  is  disseminated  through  the  bournonite,  and  both  minerals 
vein  and  replace  sphalerite.  Practically  the  whole  of  the  gold 
is  in  direct  association  with  the  bournonite.  Quartz  and  pyrite 
and  sphalerite  are  included  in  this  latter  mineral,  and  some  of  it 
replaceB  finely-divided  pyrite.  That  both  the  gold  and  the 
bournonite  are  essentially  contemporaneous  is  undoubted. 

In  many  mines  the  gold  is  more  intimately  associated  with 
arsenopyrite.  This  is  the  case  in  the  Morning  Star  and  Rose  of 
Denmark  mines  and  in  most  of  the  narrow  dykes — e.g.,  Dempsey's, 
Star  of  Erin,  Little  Comet,  Georgia,  and  Long  Tunnel,  &c. 

In  specimen  No.  J5,  from  the  400-ft.  level.  Morning  Star  mine, 
the  gold  occurs  coating,  veining,  and  replacing  the  arsenopyrite, 
and  no  gold  is  seen  away  from  this  mineral. 


i 


ON  THE  WALHALLA-WOOD'S  POINT  AUKIFEIIOUS  BELT.  207 

In  another  specimen  from  the  Xo.  2  level  I>elow  main  adit 
level,  Rose  of  Denmark  mine,  the  gold  occnrs  encrusting  and 
veining  the  arsenopyrite,  and  both  minerals  are  later  than  the 
quartz. 

In  specimen  Xo.  J8,  No.  9  intermediate  level,  A  1  mine,  the 
gold  occurs  intimatel}-  associated  with  arsenopyrite  alon^;  an 
irregular  lamination  in  the  quartz  ;  portion  of  the  gold  veins  and 
replaces   the   arsenopyrite. 

In  a  thin  section  of  auriferous  quartz  from  the  22U-ft.  level, 
Little  Comet  mine,  the  gold  in  part  encrusts  arsenopyrite.  and 
both  minerals  vein  the  ankerite  and  quartz. 

Pyrite  is  a  common  vein-mineral.  It  is  almost  invarial)ly 
auriferous,  but  exam])les  of  visible  gold  in  direct  association  with 
it  are  unusual,  except  near  the  surface,  where  the  gold  has  Ix'en 
released  by  the  breakdown  of  the  pyrite — e.g..  All  Nations  and 
Champion  mines. 

In  specimen  No.  J2,  850-ft.  level,  A  1  mine,  the  bulk  of  the  gold 
occurs  encrusting  finely-divided  pyrite  of  replacement  origin. 

In  specimen  J42,  dark-coloured  auriferous  quartz.  No.  2  level 
below  main  adit  level,  New  Loch  Fyne  mine,  some  of  the  gold 
is  deposited  on  grains  and  struigs  of  pyrite  of  replacement  origin. 

At  least  two  generations  of  pyrite  are  recognizable^  in  the 
([uartz- veins — 

(1)  Dusty    and    granular     pyrite,    replacing     with    quartz 

brecciated    fragments    of    the    wall-rock.      This    type 
antedates  all  the  other  vein  sulphides. 

(2)  Granular   and   euhedral   pyrite,   apparently    mtroduced 

with    the    vein-solutions,    and    usually   of   later   origin 

than  the  l)ournonite,  arsenopyrite,  and  gold. 

A   third  generation  of  pyrite,  occurring  near  the   base  of  the 

vadose  zone  \i\  som<^  mines — e.g.,  Little  Comet,  New  Lauraville. 

md  All  Nations — is  occasionally  rich  in  gold.     Such  pyrite  is  of 

secondar}'  origin. 

Sphalerite  is  present  in  many  reefs,  usually  in  small  quantities. 
It  is  always  later  than  the  quartz  and  carbonates  of  the  veins, 
but,  with  the  exception  of  pyrite,  it  precedes  the  other  sulphides 
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and  metals.  As  mentioned  above,  in  specimens  from  the  A  1  mine 
the  sphalerite  is  included  in  bournonite,  and  in  places  is  coated 
and  veined  by  this  mineral,  and  also  gold.  In  one  section  a  grain 
of  pyrite  is  included  in  the  sphalerite.  In  another  specimen 
from  above  a  faidt  between  the  No.  5  and  No.  6  levels  in  the  Rose 
of  Denmark  mine,  small  euhedral  crystals  of  sphalerite  are  partly 
encrusted  by  gold. 

Galena  does  not  appear  to  be  a  common  constituent  of  the 
veins  in  the  dykes,  but  is  often  present  in  considerable  amounts 
in  the  reefs  outside  the  dyke  belt,  as  at  Store  Point.  Its  relations 
with  the  other  vein-minerals  are  generally  obscure.  At  the  Rose 
of  Denmark  mine  it  is  of  earlier  generation  than  the  gold,  as  the 
latter  mineral  encrusts  and  veins  it. 

Tetrahedrite  is  present  in  some  mines — e.g.,  Himt's,  Dempsey's, 
Rose  of  Denmark,  New^  Loch  Fyne,  and  Little  Comet.  It  is 
distinguished  from  bournonite  by  its  greyer  colour,  its  lower 
specific  gravity,  its  greater  tendency  to  tarnish,  and  by  the  fact 
that  it  contains  little  or  no  lead.  In  specimens  from  the  Rose 
of  Denmark  and  Little  Comet  mines  the  gold  was  seen  to  l)e 
intimately  admixed  with  tetrahedrite,  and  both  were  essentially 
contemporaneous. 

Chalcopyrite  is  present  in  small  quantities  in  most  reefs.  In 
one  specimen  from  No.  8  level,  A  1  mine,  it  is  of  later  generation 
than  the  sphalerite  and  bournonite.  At  the  Rose  of  Denmark 
mine  it  veins  and  replaces  the  tetrahedrite. 

Carbonates  (calcite,  dolomite,  and  ankerite)  are  present  in 
practically  all  reefs,  whether  in  dykes  or  in  sedimentary  rocks. 
Normally,  they  line  the  vein-walls.  Their  subsequent  origin  to 
the  quartz  is  well  exemplified  in  many  mines.  Specimens  from 
the  Morning  Star,  Al,  and  Rose  of  Denmark  dykes  show  ankerite 
and  dolomite  encnisting  idiomorphic  quartz  crystals.  In  other 
examples — ft.g.^  Evening  Star,  Wood's  Point,  Little  Comet,  and 
Cohen's  reefs — the  f^uartz  and  carbonates  are  interlaminated, 
and  are  essentially  contemporaneous. 

The  wjmj/osition  of   the  vein-carbonates  is  generally  ankijriti' 
or  dolomitif,  but  calcitc  is  sometimes  present.     An  analysis  of  a 
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dolicatc  piiik -coloured  bladed  vein-carbonate  from  the  220-ft. 
level  of  the  Little  Comet  mine,  Wood's  Point,  gave  the  following 
results.  Appended  for  comparison  are  analyses  of  vein-carbonates 
form  Bendigo  and  Kalgoorlie. 


1 

2 

3 

4 

SiOg      . . 

1.33 

small 

FcoO^  .. 

tr. 

0.73 

1.27 

FeO 

6.49 

3.87 

5.86 

8.63 

MgO      . . 

18.20 

19.46 

16.96 

15.86 

CaO       . . 

29.04 

29.70 

29.70 

28.88 

MnO      . . 

0.47 

0.67 

tr. 

COo      . . 

45.97 

46.40 

45.65 

45.42 

Totals 

100.17 

100.10 

100.32 

100.06 

1.  — Manganiferous  ankerite.  vein  in  Tattle  Comet  dyke,  near  rich  gold.  220-ft. 
level.     Analyst,  X.   K.    lunner. 

2. — Vein  in  serpentine,  Hannan's  Lake  mine.  Kalgoorlie  (No.  42.  p.  120). 

3. — Carbonate  crystals  from  vugs  in  a  gold-bearing  spur,  stopcs  below  32.1-ft. 
level.  Little    ISO  reef.  Lansell's    I-ittle  180   mine.  Bendigo,   i  No.  44.  p.  20). 

4 — Carbonate  from  vug  in  Nell  Gwynne  reef.  North  Bendigo  mine,  Bendigo. 
Analyst.    1.  ('.  Watson     No.  44.  p   20) 

The    Little    Comet     specimen    has     the     approximate    formula 
10  CaCO^,   1)   MgCOg,  2  (FeMn)  CO3,   which    closely    resembles 
certain  so-called  ''  Unusual  Dolomites  "  *  from  the  Simplon  tunnel, 
which  have  the  following  formulae,  viz.  :  — 
1.— 3  CaCOg.  2  MgCOa.  FeCO^ 
2.-4  CaC03.  3  MgCOg.  (FeMn)C03. 

As  will  be  seen  in  the  sequel,  the  vein-carbonates  in  the  AValhalla- 
Wood's  Point  belt  in  some  cases  appear  to  have  caused  deposition 
of  the  gold. 

Albite  is  not  an  uncommon  vein-mineral.  It  is  usually  pellucid 
and  little  altered.  In  one  specimen  from  No.  2  level  below  main 
adit  level,  Rose  of  Denmark  mine,  the  albite  is  included  in 
carbonates,  and  is  clearly  of  earlier  generation.  Tn  another  section, 
No.  J 10,  of  vein-([uartz  from  No.  G  level  in  the  same  mine,  the 
albite  precedes  the  carbonates. 


*  Ncucfl  Jahrb.  Min.  Ceol,  1013. 
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In  specimen  J18,  from  No.  4  adit  level,  Working  Miners'  mine, 
Kevington,  the  albitc  and  quartz  are  contemporaneous,  and 
earlier  than  the  carbonates. 

Albite  has  also  been  noticed  in  quartz-veins  in  the  Little  Comet, 
New  Loch  Fpie,  and  Hunt's  mines. 

Viewed  broadly,  the  order  of  deposition  of  the  vein-minerals 
in  this  belt  is  as  follows  : — 

Quartz,  albite,  pyrite,  and  carbonates. 

Carbonates. 

Sphalerite. 

Galena  and  arse nopy rite. 

Arsenopyrite,    bournonite,    tetrahedrite,    stibnite, 

and  gold. 
Chalcopyrite  and  pyrite. 
Y  ^       r/         J  Arsenopyrite,  pyrite,  and  calcite. 
I  Gold. 

5. — Factors  Causing  Localization  of  the  Gold. 

a. — favourable  stratigraphical  zones. 

The  "  favourable  stratigraphical  zone  "  theory  originated  with 
Mr.  Dunn,  who  claimed  that  at  Bendigo  there  were  present  three 
stratigraphical  zones  in  which  the  auriferous  values  were  markedly 
different   (No.    11)— 

(1)  The    lowest    zone    of    strata,    which    are    exceptionally 

favourable  to  the  occurrence  of  gold. 

(2)  A  higher  less  auriferous  zone. 

(3)  A  still  higher  barren  zone. 

The  late  Dr.  Hall  (No.  19,  p.  77),  after  a  study  of  the  Castle- 
maine  goldfield,  stated  that  "  It  appears  that  the  auriferous  strata 
of  our  Lower  Silurian  (Ordoviciati)  rocks  begins  above  the  base  of 
the  apparently  thick  Tetrarftwfjtus  fruticosus  zone,  and  ranges  at 
any  rate  as  high  as  l^hyllograj^tus  does,  but  probably  no  higher." 

Mr.  T.  S.  Hart's  observations  at  Daylcsford  (No.  22)  led  him 
to  similar  conclusions  U)  those  of  Dr.  Hall — namely,  that  the 
more  important  reefs  are  associated  with  Bcndigonian  and  Lower 
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Castlemaine  beds,  and  that  the  non-productive  and  Ijarren  zones 
are  in  beds  on  a  higher  horizon. 

Mr.  Dunn  (No.  13,  pp.  41,  42)  lu.s  extended  his  "favourable 
zone  "  theory  to  the  quartz  reefs  in  the  belt  of  country  between 
Wood's  Point  and  Jamie  son.  He  says : — "  Where  the  reefs  are 
in  a  productive  zone  and  in  contact  with  dykes  they  are  auri- 
ferous ;  but  if  the  reefs  occur  in  contact  with  dykes  in  barren 
zones  of  country  rock  there  is  no  gold." 

Notwithstandmg  the  views  of  these  able  "jeolomsts,  the  diffi- 

O  DO 

culties  with  which  the  "  favourable  zone  "  theory  has  to  contend 
are  great.  Rich  auriferous  reefs  have  been  worked  in  rocks  of 
pre-Cambrian  age,  in  all  zones  of  the  Lower  Ordovician  except 
the  Darriwill  (which,  apparently,  is  of  very  limited  occurrence), 
in  the  Upper  Ordovician,  and  in  both  Melbouniian  and  Yeringian 
divisions  of  the  Silurian.  At  Bendigo,  according  to  Dr.  Stillwell 
(No.  44,  p.  54),  highly  profitable  reefs  occur  outside  the  No.  1  area 
of  Dunn  {vide  supra),  and  many  reefs  within  this  area  have  been 
unproductive. 

Dr.  Hall's  contention  that  no  gold  occurs  in  rocks  of  Lance- 
fieldian  age  has  since  been  disproved. 

In  the  belt  considered  in  this  paper  the  bulk  of  the  gold  has 
come  from  reefs  within  dykes,  and  it  is  difficult  to  see  how  the 
surrounding  strata  could  have  influenced  the  values.  Further, 
more,  rich  auriferous  reefs  occur  in  beds  having  a  wide  strati- 
graphical  range,  at  least  from  the  base  to  the  top  of  the  Silurian. 
It  is  admitted  that  the  best  paying  reefs  occur  within  the  WalhaPa 
beds,  but  this  is  regarded  as  being  an  outcome  of  the  geosynclinal 
stmcture  of  the  belt. 

B. — STRUCTURAL   FEATURES — FOLDING    AND   FAULTING. 

In  many  \'ictorian  goldfields  a  close  connection  is  evident 
between  structural  features — domed  fractured  anticlines,  geo- 
synclines,  and  faulting— and  the  broad  locali/>ation  of  the  gold. 

At  Bendigo,  Mr.  H.  8.  Wliitelaw  (No.  5.3,  p.  47)  claimed  that 
thrfp  was  a  direct  association  of  th<^  gold  shoots  with  the  faults, 
and  Dr.  .Stillweirs  (No.  44,  j).  50)  and  Mr.  Pabst's  (No.  38) 
observations  strongly  support  this  view. 
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At  Castleiiiaine  the  best-paying  reefs  occurred  near  the  crest 
and  on  the  eastern  limb  of  a  domed  geanticline. 

At  Ballarat  East  there  was  a  close  comiection  between  the 
rich  shoots  and  pockets  of  gold  and  the  cross-courses.  Numerous 
otlier  instances  of  a  similar  nature  could  be  quoted  from  other 
Victorian  fields. 

At  least  90  ^^  of  the  gold  won  from  the  Walhalla  and  Wood's 
Point  belt  has  come  from  the  central  geosynclinal  area.  A  glance 
at  the  map  will  show  the  marked  localization  of  the  dykes  and 
cliicf  mines  in  this  central  area.  A  moderate  amount  of  gold  has 
been  won  from  the  Royal  Standard-Store  Point  line  of  reefs. 
However,  these  reefs  occur  in  a  well-defined  structural  zone  of 
highly  cnimpled  and  faulted  slates  and  phyllites. 

C. — PETR0L0f4ICAL  CHARACTERS   OF  THE   DYKES. 

A  detailed  petrological  examination  of  the  dykes  of  this  l)elt 
has  brought  to  light  the  following  interesting  facts  :  — 

(1)  The  richest  auriferous  reefs  occur  within  or  associated  with 
rocks  of  dioritic  or  gabbroidal  composition. 

(2)  More  acid  types  —  quartz  and  feldspar  por})hyries  and 
granophyres — althougli  fairly  common,  have  yielded  negligible 
quantities  of  gold. 

('>)  Small  quantities  of  copper,  nickel,  and  platinum  and  traces 
of  gold  and  silver  occur  in  all  the  more  basic  types — liornblende, 
peridotites,  &c. — but  no  cast;  is  known  of  a  payable  auriferous 
quartz- vein   being  worked  in   them. 

The  most  favourable  rock  for  gold  is  one  having  a  composition 
allied  Ut  that  of  the  A  1,  New  Loch  Fyne,  and  Morning  Star  types 
— i.e.,  a  diorit^',  })()rphyrite,  or  lampro])hyre  (camptonite) 
originally   rich   in   brown  hornblende. 

(loofl  gold  was  won  from  the  Tubal  Cain  dyke — a  rock  of 
ba.saltic  composition  rich  in  augit-e  and  deficient  in  hornblendi^ 
but  it  is  the  only  casc^  known  from  this  belt  of  non-liornl)l<Midic 
dyke  rocks  carrying  auriferous  ((uartz- veins. 

Three  dvke  expansions  which,  although  intersected  by  promising 
quartz  reefs,  have  yielded  little  or  no  gold,  are  the  Alabama,  near 


ON  THE  WALHALLA-WOOD'S  POINT  AURIFEROUS  BELT.  213 

Matlock  ;  dyke  at  '*  r  "  in  "  Jericho  "  on  map  ;  and  Raymond's, 
near  Gaffney's  Creek.  Microscopical  examination  of  these  rocks 
shows  that  they  consist  mainly  of  phenocrysts  of  feldspar— 
predominantly  orthoclase,  quartz,  and  altered  hornblende  in 
beautiful  granopliyric  and  microspherulitic  intergrowths  of 
quartz  and  feldspar. 

D. — PROPYLITIZATION   AND    VEIN-ALTERATION. 

Professor  Gregory,  in  his  description  of  the  rocks  near  Wood's 
Point  and  Gaffney's  Creek,  states  : — "  It  is  probable  that  the 
gold  will  be  found  most  in  the  diorites  where  propylitization  has 
been  apparently  most  thoroughly  effected  "  (No.  17,  p.  34). 

The  writer's  study  of  these  relations  has  convinced  him  that — 

(1)  The  propylitization  is  independent  of  and  earlier  than  the 
vein-alteration. 

(2)  The  gold  was  introduced  with  the  vein-waters  and  not  with 
the  solutions  causing  propylitization. 

An  investigation  was  undertaken  to  discover  whether  the  gold 
values  anvwhere  varied  with  the  intensity  of  the  hydrothermal 
alteration,  but  no  specific  instance  of  a  direct  relation  between 
the  two   factors  was  discovered. 

E. — VARIATION   OF   TEMPERATURE   AND   PRESSURE. 

The  nature  of  the  propylitic  and  vein-aIt<^ration  undergone  by 
tlu>  dyke  rocks  strongly  suggests  that  the  now  exposed  portions 
of  them  were  formed  under  conditions  of  modcu-ate  temperature 
and  pressure. 

Estimates  of  the  amount  of  vertical  denudation  since  the  folding 
giv«'  ()(KKJ  ft.  as  a  minimum  figure,  and,  as  the  reefs  are  believed 
to  have  been  formed  at  the  same  period  as  the  folding,  the  above 
figure  givis  us  an  approximation  to  the  depth  below  the  then 
surfa<^5e  of  the  now  ex[)Osed  parts  of  the  reefs. 

Ra])id  variation  of  temperatures  and  pressure  would  not  bo 
likely  at  theso  depths,  and,  «sven  so,  it  would  1h^  insuftirient  to 
account  for  the  extremely  <apricious  nature  of  the  gold-valuos 
in  some  mines. 
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The  Long  ruimol  mi?ie,  wliicli  roached  a  vertical  depth  of 
3()7r)  ft.,  is  the  only  deep  mine  in  this  belt.  Averaging  the  values 
throughout,  a  slight  decrease  is  noted  in  deptli.  Such  is  probably 
due   to   variation  of  temperature   and   pressure. 

F. — NATURE    OF    THK    WALL-ROCK. 

It  has  been  demonstrated  conclusively  by  members  of  the 
Geological  Survey  and  others  at  Ballarat,  Daylesford,  Bendigo, 
and  elsewhere  in  Victoria  that  certain  bands  of  carbonaceous 
slate  and  pyritic  seams  have  frequentl}'  a  favourable  effect  on 
the  auriferous  values  of  the  reefs  intersecting  or  adjoining  them. 

In  the  belt  (;onsidei'ed  in  this  paper  local  examples  of  the  same 
nature  are  not  uncommon.  For  instance,  at  the  Long  Tunnel 
mine,  Walhalla,  the  presence  of  a  graphitic  or  carbonaceous  slate 
on  the  wall  of  the  reef  was  considered  a  very  good  indicator  of 
the  proximity  of  gold.  •  Mr.  Baragwanath,  Avho  made  extensive 
surveys  of  this  mine,  gives  sections  indicating  that  the  proved 
main  shoot  of  gold  between  tlie  loOO-ft.  and  3000-ft.  levels  follows 
very  closely  the  theoretical  intersection  of  the  reef  with  a  narrow 
band  of  strata  (No.  3). 

In  the  Morning  Star  mine,  at  the  500-ft.  level,  a  local  enrich- 
ment occurred  on  the  eastern  wall,  where  the  quartz  floor  passed 
out  of  the  dyke  and  cut  a  band  of  black  slate. 

At  the  A  1  mine,  bcrtween  the  850-ft.  and  1000-ft.  levels,  the 
reefs  normally  intersect  two  dykes  and  much  hard  sandstone 
and  quartzite,  and  sometimes  near  the  lode  walls  they  cut  across 
bands  of  bla(;k  slate.  Although  auriferous  throughout,  the  reefs 
were  richer  within  the  green-mottled,  highly-carbonated,  mica- 
hornblende  -lamprophy  re  dyke — the  "  kindly  country  rock  "  of 
the  miners— and  in  the  slates,  than  within  the  quartzite. 

Reefs  occupying  fault-planes  which  intersect  and  displa(;o  dykes 
are  common  in  the  northern  portion  of  the  belt.  Considerably 
enriched  values  at  and  closer  to  the  intersections  of  the  reefs  and 
dykes  are  the  rule  in  such  cases.  However,  none  of  these  have 
been  worked  in  the  zone  of  primary  values,  and  it  can  be  d(^mou- 
strated  in  many  cases  that  the  concentration  of  the  gold  at  these 
points  is  due  f^  secondary  enrichment. 
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G. — REPLACEMENT. 

Throughout  this  belt  the  richest  quartz  reefs  in  the  zone  of 
primary  vahies,  whether  within  dykes  or  in  Silurian  sediments, 
are  of  the  laminated  type.  Microscopic  study  of  thin  sections  of 
these  reefs  by  the  writer  has  convinced  him  that  they  are  largely 
of  replacement  origin,  as  Dr.  Stillwell  (Xo.  -i-i,  p.  34)  has  ably 
demonstrated  for  the  laminated  quartz  reefs  at  Bendigo. 

An  examination  of  the  auriferous  quartz  from  the  Long  Tunnel, 
Fulton's,  Harbinger,  and  Star  of  the  West  mines,  all  of  which 
occur  within  sedimentary  rocks,  shows  a  marked  aggregation  of 
the  gold — which  is  usually  very  fbiely  divided — along  the  laminae, 
the  carbon,  arsenopyrite,  and  pyrite  of  which  appear  to  be  the 
main  precipitating  agencies  for  the  gold.  Much  of  the  quartz 
is  of  replacement  origin,  and  the  laminations  are  believed  to 
represent  unreplaced  flakes  and  films  of  the  wall-rock,  impregnated 
and  (encrusted  with  dusty  and  minutely-crystallized  pyrite  and 
arscMiopyrite. 

In  reefs  within  dykes  the  quartz  is  sometimes  laminated.  Often 
the  central  portion  of  the  reef  is  composed  of  white  quartz  slightly 
laminated,  while  the  marginal  variety  is  well  laminated  and 
frecjuently  daik  in  colour,  due  to  finely-divided  sulphides. 

Ankerite  or  ferriferous  dolomite  normally  lines  the  vein-wall. 

The  most  obvious  characteristic  of  the  gold  occurrence  in  the 
reefs  in  dykes  is  its  marked  localization  in  the  quartz  adjoining 
tlie  vein-walls.  Microscopical  examination  has  shown  that  this 
latti'i'  (piartz  lias  originated  by  replacement  of  the  wall-rock. 
Partially  replaced  fragments  and  undigested  residues  of  dyke 
material  are  common  in  the  quartz.  Finely-divided  pyrite  and 
some  ar.siMiopyrit<*.  are  extensively  devekqx'd  in  the  process  of 
replacement.  That  these  sulphides  have  played  an  important 
part  in  precij)itating  the  primary  gold  is  evident  from  the  way 
in  wliich  the  gold  encrusts  arid  replaces  them  in  specimens 
from  the  Morning  Star,  New  Locli  Fyne,  A  1,  Rose  of  Denmark, 
and  Little  Comet  mines  (vide  <iupr(i,  ]>.  207).  In  other  cAses,  galena, 
sphalerite,   vein-carbonates,   and   rock   residues    have    apparently 
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caused  the  precipitation  of  the  gold.  The  marked  concentration 
of  the  gold  in  the  marginal  quartz  of  replacement  origin  is  believed 
to  be  due  to  the  greater  concentration  of  the  above-mentioned 
precipitants  in  these  parts  of  the  veins. 

The  dykes  themselves  are  appai'ently  capable  of  precipitating 
the  gold  from  the  vein-solutions,  for  certain  specimens  from  the 
850-fi.  level.  A  1  mine,  show  facings  of  gold  with  little  or  no  quartz 
or  sul])hides  on  joint  pianos  near  a  rich  floor  in  the  mottled  mica- 
honiblende-lamprophyre  referred  to  above. 

Exanq^les  of  gold  deposited  on  carbonates  (ankeriki,  dolomite, 
and  calcite)  are  not  common.  The  writer  has  seen  specimens  of 
dolomite  from  the  A  1  mine  with  specks  of  gold  adhering  to  them  ; 
uf  calcitx?  from  the  Georgia  and  Unjkno\\ii  mines  with  gold  included 
in  and  int-ermingled  with  it  ;  and  of  ankerite  from  the  220-ft. 
level,  Ijittle  Comet  mine.  Wood's  Point  (vide  microphotograph 
No.  21),  encrusted  and  veined  Avith  leaf  gold.  However,  the  gold 
ill  this  last-named  specimen  and  in  the  ones  from  the  Georgia  and 
I'nknown  mines  is  possibly  of  secondary  origin. 

H. — SECONDARY   ENRICHMENT. 

Examples  of  the  concentrating  effects  of  secondary  enrichment 
on  the  gold  by  gravitation  and  solution  are  extremely  common 
throughout  this  belt.  Perhaps  the  best  case  of  great  mechanical 
concentration  at  and  near  the  surface  is  the  Royal  Standard  mine 
which  yielded  considerably  more  than  £50,000  worth  of  gold  from 
quartz  averaging  about  2  oz.  to  the  ton  from  the  surface  to  a 
depth  of  70  ft.  Ver}^  little  gold  has  been  unearthed  from  below 
this  level. 

Another  illustration  is  the  Specimen  mine,  near  Ten-Mile,  the 
quartz  from  which  averaged  nearly  51  oz.  to  the  ton  from  the 
hurfacp  Ut  a  depth  of  32  ft.,  and  became  unpayable  below  100  ft. 

I«lxaTn})le8  of  rich  pof-kots  and  shoots  of  gold  n(^a^  the  base  of 
th^'  zone  of  surface  decomposition,  and  particularly  at  points 
where  the  descent  of  auriferous  solutions  has  been  checked,  are 
plentiful.     The  types  of  obstruction  which  appear  to  have  been 
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particularly   favourable   to   the   localization    of    the  gold   are   as 
follows  : — 

(1)  Ledges  formed  by  small  rolls  in  the  dykes  and  reefs  and  by 
small  faults  intersecting  them — e.g.,  Georgia  and  Knowle's  dyke,  &c. 

(2)  Flat  or  rising  veins  proceeding  from  the  dykes  into  the 
strata — e.f/.,  Morning  Star  d^'ke.  These  veins  obstnict  the 
descent  of  auriferous  waters  along  the  dyke  walls. 

(3)  The  intersections  of  steeply-dipping  veins  with  flat  or 
rising  ones — e.g.,  Little  Comet  and  Leviathan  mines.  The  Moniing 
Star  dyke  provides  what  is  believed  to  be  the  best  illustration 
of  vadose  shoots  of  gold.  According  to  Mr.  0.  A.  L.  \Miitelaw 
(No.  55,  p.  16),  "  the  Age  of  Progress  reef  was  worked  for  a  length 
of  1500  ft.  along  the  western  wall,  and  Cherry's  reef  for  1100  ft. 
OH  the  eastern  wall.''  Tliose  reefs  were  relatively  poor  in  the 
centre  of  the  dyke,  but  were  extremely  rich  on  the  walls,  as  the 
following  recorded  returns  for  the  years  1864  and  1865  show  : — 

27,933  tons  of  quartz  yielded  94,075  oz.  of  gold. 

Suwrnary    of    the   Factors   Causing   Deposition    and    Localization 

of  the  Gold. 

1.  Structural  features  are  believed  to  be  far  more  important 
than  stratigraphical  zones  in  causing  the  localization  of  the  gold. 

2.  Physical  features,  such  as  variation  of  temperature  and 
pressure,  apparently  have  played  an  unimportant  part  in  causing 
the  dc}X)sition  of  the  gold. 

3.  Payably  auriferous  reefs  are  found  in  or  associated  only  with 
dykes  of  dioritic  or  gabbroidal  composition. 

4.  The  main  deposition  of  primar\'  gold  in  the  reefs  appears  to 
have  been  due  to  the  cliemical  precipitation  of  the  gold  in  the 
ascending  auriferous  solutions  by  the  previously-formed  sulphide 
minerals — ^pyrite.  arsenopyrite.  sphalerite,  and  galena — and  by 
carbonaceous  and  other  rock  residues,  and  occasionallv  bv  the 
vein-carbonat(;s. 

5.  Secondaiy  processes — denudation,  gravity,  solut-ion,  and 
ri'-d<'position — have  rc-concentraUul  the  primary  go  Id -forming 
im])ortunt  shoots  and  j)ocket8  of  gold  within  the  vadose  zone. 
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<>. — The  Relation  of  Victorian  Auriferous  Reefs  to  Igneous 

Rocks. 

Auriferous  quartz-veins  occur  within  or  directly  associated  with 
igneous  rocks  of  various  types  in  Victoria.  They  occur  in  grano- 
diorite  at  Maldon,  Dargo,  Mount  Wills,  Hillsborough,  Warburton. 
and  elsewhere. 

Auriferous  pegmatites  are  known  from  Huon's  Lane  (in 
North-East<?rn  Victoria),  Nuggety  Reef  (Maldon),  and  from 
Lin  tons. 

( rold-bearing  reefs  occur  in  sericitized  and  silicified  quartz- 
feldspar-porphyry  dykes  at  Diamond  Creek,  Foster,  Blake- 
ville,  Maldon,  Stawell,  Kinglake,  Queenstown,  AVarburton, 
&c.  ;  and  in  other  localities,  as  at  Sebastopol,  near  Ballarat, 
and  at  Maryborougli,  they  are  closely  associated  with  similar 
dykes. 

Few  of  the  mines  occurrmg  within  the  above-mentioned  rocks 
have  yielded  large  quantities  of  gold.  They  are  of  scientific 
in t4? rest,  but  rarely  of  economic  importance. 

Whenever .  there  is  a  direct  connection  between  dykes  and 
auriferous  quartz- veins,  as  is  the  case  on  many  of  our  goldfields, 
it  is  generally  with  rocks  of  intermediate  to  basic  composition, 
In  the  Walhalla-Wood's  Point  belt,  as  previously  mentioned,  all 
tb(t  l>est  re<:fs  are  associated  with  rocks  of  dioritic  or  gabbroidal 
composition,  and  the  reefs  connected  with  more  acid  and  more 
basic  types  have  yielded  little  gold. 

Another  very  important  and  interesting  belt  where  similar 
R-lations  exist  is  that  extending  through  Creswick,  Clunes, 
Tal}K)t,  MarA'borough,  Dunolly,  and  Wedderburn — the  fabulously 
rich  alluvial  bolt  of  our  colony. 

Closely  associated  with  the  reefs  in  this  zon(;  are  two  distinct 
types  of  dykes — 

(1)  Acid  types     quartz  and  feldspar  porphyries. 

(2)  Intermediate  to  basic  types — dioritf^  and  gabbro  por- 

phyrites  and  lamprophyres. 
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The  reefs  related  to  the  first  class  of  dykes  have  yielded  little 
gold.  The  second  class  occur,  as  in  the  Wood's  Point  area,  in 
two  ways,  viz.  : — 

(a)  As  lenticular  expansions  or  pipes — e.g.,  Rheola,  Talbot, 

Spring  Hill,  and  Central  Leads  (near  Smeaton),  and  at 
Tarilta  and  Metcalfe,  some  miles  to  the  east  of  this  belt. 

(b)  As   narrow   dykes   at   Wedderburn,    Rheola,    Moliagul, 

Dunolly,  Maryborough,  and  Amherst. 
The  rocks  of  the  dyke  bulges  are  normally  dioritic  in  com- 
position, and  frequently  show  green  chloritized  phenocrysts  of 
hornblende  and  pink  feldspar  in  hand  specimen.  In  thin  section 
they  are  seen  to  be  closely  allied  to  the  Morning  Star  and  New 
Loch  Fyne  types  described  above.  They  are  characterized  by 
much-altered — chloritized.  carbonated,  and  epidotized— brown 
hornblende,  chloritized  and  sericitized  plagioclase,  and  clear 
quartz  in  a  ground-mass  which  has  been  re-crystallized  generally 
in  the  form  of  a  micrographic  intergrowth  of  quartz  and  feldspar. 
The  characteristic  minerals  of  the  propylitic  fades — namely, 
pennine,  epidote,  massive  carbonate,  pyrrhotite,  and  pvrite — are 
all  present.  Li  most  cases  these  rocks  are  closely  associated  in 
the  field  with  quartz-feldspar- porphyry  dykes,  and  it  is  probable 
tliat  they  are  differentiation  products  of  a  common  magma. 

.AJthough  quartz  reefs  are  uncommon  within  these  dyke 
expansions,  they  are  numerous  in  the  contact  rocks,  and  rich 
alluvial  gold  has  been  won  from  the  xncinity  of  practicallv  all  of 
them. 

The  gullies  heading  towards  the  Talbot  dyke  expansion  were 
])articularly  rich  near  the  dyke,  and  the  same  is  true  at  Tarilta. 

According  to  Professor  J.  W.  Gregory  (Xo.  1(5,  p.  JO),  *' The 
bed-rock  at  the  Spring  Hill  and  Central  Leads  is  penetrated  by  a 
broad  dyke  which  is  closely  related  to  the  rock  of  the  dyke  in  the 
New  Loch  Fyne  mine  at  Matlock,  and  it  is  not  surprising  that 
it  has  caused  the  deposition  of  the  gold  in  the  adjacent  slates,  and 
that  the  old  river  gravel  l)esid('  it  should  be  rich  in  gold." 

At  Rheola  outcrops  of  hornblende  diabase  and  diorite  porphyrite, 
which  have  been  altered  along  their  contact  by  the  granodiorito. 
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are  not  iincomnion.  Numerous  laniprophyre  dykes  aie  also 
present.  The  alluvial  in  the  vicinity  of  these  rocks  was  notoriously 
rich  in  large  nuggets. 

The  narrow  dykes  are  in  the  main  much  altered — carbonated, 
chloritized,  and  sericitized — hornblende  and  biotite  lamprophyres 
— camptonite  and  spessartite.  Fairly  rich  auriferous  reefs  occur 
within  or  adjacent  to  such  dykes  at  Maryborough,  DunoUy,  Lands- 
borough,   Rheola,   and   Wedderburn. 

Other  areas  in  Victoria  where  gold-bearing  reefs  are  known  to 
be  intimately  associated  with  dioritic  and  gabbroidal  rocks  are 
Queenstown  (near  Melbourne),  Granite  Flat,  and  Dargo.  In 
manv  other  places  in  Victoria  the  nature  of  the  dykes  associated 
with  the  auriferous  quartz  reefs  has  not  been  investigated. 
Igneous  intrusions  of  a  more  basic  character  than  the  above- 
mentioned  are  rarely  if  ever  connected  with  auriferous  reefs  in 
Victoria. 

Hence  it  is  concluded  that  the  favourable  type  of  igneous 
intrusion  for  gold  reefs  in  this  State  is  one  of  dioritic  or  gabbroidal 
composition.  Current  belief  connects  our  main  goldfields  with 
granodiorit<'.  intrusions.  Viewed  broadly,  this  is  true,  but  it  is 
generally  with  the  intermediate  and  basic  differentiates  from  the 
same  magma  from  which  the  granodiorite  has  been  derived  that 
the  most  intimate  connection  is  apparent. 

7. — Fineness  of  the  Reef  Gold. 

The  gold  saved  by  amalgamation  varies  in  fineness  from  al)0ut 
800  (as  in  the  case  of  the  Lady  Vera,  near  Fulton's  Creek,  and 
the  Morning  Star)  to  OGO  or  970  (as  in  the  Franklin,  Eldorado, 
and  A  1   mines). 

Apparently  the  nature  of  the  vein-sulphides  has  influenced  the 
fineness  of  the  gold.  Where  stibnite  is  the  predominant  sulphide 
— e.gr.,  Leviathan  and  Royal  Standard  mines  in  this  belt,  and  at 
Alexandra  and  elsewhere  in  Victoria — the  gold  is  invariably  of 
good  quality. 

Where  the  vein-sulphides  are  chiefly  sulpharscnides  and  sulph- 
antimonides  —  e.g.,    Iwurnonite,    tetrahedrite,     james^mite,     and 
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arsenopyrite — the  gold  is  usually  of  good  quality,  as  is  the  case 
in  the  Al,  Eldorado,  Wallaby,  All  Nations,  Sir  John  Franklin, 
Dempsey's,  Georgia,  and  Little  Comet  mines.  The  Long  Tunnel 
gold,  however,  was  of  relatively  poor  quality  (820-860),  although 
associated  with  arsenopyrite,  hournonite,  and  pyrito.  Where 
galena  and  sphalerite  predominate  in  the  veins  the  gold  is  rarely 
of  good  quality — e.g.,  Rose  of  Denmark  (845-880),  and  the  New 
Loch  Fyne  (830-870). 

In  general,  the  average  fineness  of  the  gold  from  reefs  within 
dykes  is  not  less  than  that  of  the  gold  from  reefs  in  the  sedi- 
mentary rocks. 

Descending  vadose  waters  apparently  have  refined  the  gold, 
as  almost  invariably  the  i^old  from  shallow  workmgs  of  less  than 
300  ft.  is  of  good  quality — e.g..  Unknown,  Eldorado,  Royal 
Standard,  Little  Comet,  Georgia,  &c.  In  the  Rose  of  Denmark 
mine  the  gold  from  the  primary  zone  was  of  lesser  fineness  than 
that  from  near  the  surface.  Dr.  Don's  analyses  of  Victorian 
vein-gold  indicate  that  on  the  whole  the  average  fineness  of  the 
gold  in  the  vadose  region  is  appreciably  greater  than  that  from  the 
primary  zone  in  the  same  district  (No.  10,  pp.  607,  608). 
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PART    m.-SKCONDARY    ENRICHMENT    IN   THE    MINES 
BETWEEN   WOOirs   POINT  ANT)  JAMIESON. 

1. — Introductory   Remarks. 

On  glancing  through  the  geological  and  mining  literature  of 
Victoria,  one  is  struck  by  the  paucity  of  references  to  undoubted 
cases  of  secondary  enrichment  in  our  auriferous  ores.  On  looking 
for  a  reason  for  this,  three  possibilities  are  suggested — 

1.  The  scientific  invostigation  of  the  problem  has  been  neglected. 
Certainly,  no  detailed  study  of  the  question  has  been  made  on 
any  of  our  mining  fields,  and  the  few  scattered  references  to  the 
subject  in  the  literature  are,  on  the  whole,  brief  and  inconclusive. 
Furthermore,  the  upper  oxidized  zones  of  most  of  our  mines 
were  worked  out  in  th<?  early  days  of  gold  mining  before  the  role 
of  secondary  enricnment  in  re-concentrating  the  gold  was  under- 
stood, and  consequently  there  are  very  few  facts  relevant  to  the 
subject  preserved   in   the   literature. 

2.  Difficulty  of  recognition. 

The  gold  won  from  the  more  important  mining  fields  of  Victoria 
is  noted  for  its  free-milling  character.  The  chemically  unstable 
sulphides  of  copper,  lead,  iron,  and  zinc,  which  afford  elsewhere 
excellent  criteria  for  determining  secondary  enrichment,  are 
associated  normally  witli  the  gold  in  small  quantities,  but 
their  occurrence  in  larger  amounts  is  exceptional.  Complex 
refractor}'  auriferous  ores  occur  at  Bethanga  and  Cassilis,  in 
the  north-east  of  Victoria,  but  they  are  of  no  great  economic 
importance. 

.*5.  The  effects  of  seeondajy  (jurichment  on  our  auriferous  quartz- 
veins  may  have  been  so  small  as  to  have  been  of  no  economic 
importance.  This,  the  writer  believes,  is  a  fairly  widely  accepted 
view. 

The  purport  of  this  section  of  the  paper  is  to  show  that  many 
mines  of  this  belt  hav(!  suffered  important  enrichments  by 
mechanical  concentratioji  and  chemical  migration  of  the  gold 
contained  in  the  reefs. 
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2. — Secondary  Enrichment, 
a. — definition. 

To  avoid  misconception,  it  would  be.  well  to  define  precisely 
what  we  mean  by  secondary  enrichment.  This  t43rm  is  used  here, 
firstly,  for  the  eniichmont  at  and  close  to  the  surface,  by  the 
mechanical  concentration  of  the  gold  derived  by  denudation  from 
the  former  upward  extension  of  the  auriferous  (quartz- veins  ; 
secondly,  for  the  enrichment  in  the  vadose  zone  by  the  bn^aking 
down  of  the  auriferous  sulphides  by  descending  surface  waters, 
which  carry  away  the  base  metals  and  thoir  salts  in  solution, 
leaving  the  gold  in  situ  ;  and  thirdly,  for  the  enrichment  in  the 
vicinitv  of  the  base  of  the  vadose  zone  bv  the  solution  of  the  gold 
from  and  near  the  surface  by  descending  waters  and  its  subsequent 
re-deposition  in  more  concentrat<^d  foim  at  a  lower  depth,  which, 
in  most  mines  in  tliis  belt,  is  between  loO  ft.  and  '^00  ft. 

B. — PREVIOUS    LITERATURE. 

Mr.  H.  A.  Tliompson  (No.  49,  p.  24S)  suggested  that  the 
decrease  in  gold-values  as  mining  became  deejier  was  due  to  the 
surface  alteration  of  the  dykes. 

Mr.  H.  A.  F.  Murray  (No.  35,  p.  123),  who  was  a  loyal  supporter 
of  the  permanence  in  depth  of  the  auriferous  values  in  these 
veins,  recognized  that  secondary  enrichment  had  played  some  part 
in  localizing  the  gold.     He  says,  speaking  generally  of  Victoria  :  — 

"  On  the  average,  richer  quartz  has  been  obtained  from  the  surface 
portions  of  the  reefs  generally  than  has  been  met  with  in  the  deeper 
levels." 

And  again — 

"  We  must  consider  also  the  reactions  produced  bv  meteoric  waters 
proceeding  from  the  surface  downwards,  and  tliis  process  is  partly 
one  of  decomposition  and   partly  one  of  concentration." 

Mr.  ().  A.  L.  Whitelaw  (No.  55,  p.  U),  dealing  with  the  Wood's 
Point  area,  states  that 

**  It  is  a  commonly-accepted  belief  among  miners  in  the  di.strict 
that  decomposition  has  had  considerable  influence  upon  the  oe«  urrencc 
of  the  gold.  Tlie  greasy  decomposition  product,  '  mutton  fat,'  i.s 
regarded  as  one  of  the  he.st  indications  of  the  j)roximity  <>f  gold." 
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C. — THE    MECHANICS    OF    SECONDARY   ENRICHMENT. 

Nowhere  in  this  belt  is  there  found  any  evidence  of  marine 
conditions  later  than  the  folding  of  the  Silurian  sediments — i.e., 
since  Devonian  times. 

No  exact  figure  of  tiie  amount  of  vertical  denudation  since  this 
period  of  folding  and  intrusion  of  the  dykes  and  auriferous  quartz- 
veins  can  be  arrived  at,  but  estimates  from  vertical  sections 
constructed  from  dips  give  6000  ft.  as  a  minimum  figure. 

Postulating  the  extension  of  the  auriferous  quartz-veins  to  the 
surface  at  the  time  of  their  formation,  which  seems  reasonable, 
what,  then,  has  become  of  the  gold  released  from  these  reefs  ? 
Some  of  it  has  been  carried  away  by  past  and  present-day 
streams.  The  sub-basaltic  gravels  at  Moondarra,  near  Walhalla, 
and  on  the  Thomson-Aberfeldy  divide  have  furnished  little  gold, 
and,  although  the  alluvial  terrace  deposits  and  gravel  beds  of 
the  present-day  streams  have  locally  yielded  rich  results,  on  the 
whole  they  have  been  much  poorer  than  similar  deposits  on  other 
Victorian  goldfields. 

The  factors  that  have  determined  bhe  ultimate  fate  of  the  gold 
derived  from  the  former  upward  extensions  of  these  reefs  are  as 
follows,  viz.  :  — 

(1)  The  relative  rates  of  denudation  and  solution  of  the  gold. 

(2)  The  degree  of  permeability  of  the  dykes,  sediments,  and 
quartz-veins  to  surface  descending  waters. 

(3)  The  chemical  nature  of  these  waters. 

(4)  The  amounts  of  sulpliides  present  in  the  quartz-veins  and 
tlie  dykes  and  the  nature  of  the  products  derived  by  their 
decomposition. 

(I)  If  denudation  progresscis  faster  than  the  solution  of  the 
gold  \>y  surface  descending  waters,  then  a  large  part  of  the  gold 
will  be  washed  away  into  the  gullies  and  streams  before  it  has 
had  time  to  dissolve.  In  the  ideal  case  we  should  expect  fairly 
rich  alluvial  deposits  and  practically  no  change  in  the  tenor  of 
the  quartz  from  the  surface  down  to  the  zone  of  primary  sulphides. 
If,  on  the  other  hand,  the  chemical  leaching  of  the  gold  proceeds 
at  a  more  rapid  paco  tlian  the  denudation,  we  should  have  in  the 
ideal  case  little  or  no  alluvial  gold,  a  ]>arron  oi-  poor  surface  zone, 
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and  a  considerable  enrichment  near  the  base  of  the  vadose  zone. 
As  the  degradation  of  the  rocks  proceeds,  the  gold  in  this  enriched 
zone  will  in  its  turn  be  dissolved  and  re-deposited  at  a  lower  level. 
Consequently,  in  the  extreme  case,  we  should  get  the  whole  of 
the  gold  from  the  former  upward  extensions  of  the  reefs  con- 
centrated near  the  water-level,  with  poor  values  above  and  the 
unenriched  ore  below.  No  example  of  this  type  is  known  from 
this  belt. 

If  denudation  and  solution  keep  pace  one  with  another,  the 
outcome  should  be  payable  alluvial,  payable  or  slightly  enriched 
surface  ore,  and  an  enrichment  near  the  bottom  of  the  vadose 
zone.  This  state  of  affairs  is  well  illustrated  in  many  of  the  mines 
in  this  belt — e.g..  M\  Nations.  Morning  Star,  Hunt's,  New  I^ch 
Fyne,  &c. 

(2)  The  degree  of  permeability  of  the  dykes,  &c. — That  the 
dykes  and  quartz-veins  have  provided  the  easiest  channels  for 
descending  waters  is  proved  by  the  much  greater  depth  of  decom- 
position in  them  than  in  the  surrounding  sediments.  In  many 
dykes,  more  especially  the  dyke  expansions,  the  waters  appear 
to  have  proceeded  by  certain  localized  channels,  and  did  not 
permeate  the  whole  of  the  dykes.  For  example,  in  the  Morning 
Star,  New  Loch  Fyne,  Lack's  All  d'vkes,  &c..  numerous  patches 
of  hard,  undecomposed  rock  outcrop  at  the  surface,  although  in 
all  theses  cases,  at  depths  between  200  ft.  and  300  ft.,  the  dykes 
an^  greatly  decomposed. 

Frequently  the  walls  of  the  dykes  have  provided  the  readiest 
conduits  for  the  surface  waters,  and  in  many  mines  rich  patches 
of  gold,  often  free  from  quartz,  occur  along  the  dyke  walls — e.g.. 
May  Moon.  Knowle's,  Waverly,  Georgia,  SutclifFe's  (near  Matlock), 
and  Morning  Star  mines. 

In  certain  otlier  cases  finely -divided  gold  and  films  of  gold  an' 
found  along  bedding  planes  and  fractures  in  the  country-rock 
near  the  surface.  One  specimen  of  soft  mudstone  from  near  the 
A  1  mine  shows  finely-divided  gold  without  quartz  on  a  Ix'dding 
plane,  and  in  another  specimen  from  the  Champion  mine,  near 
Ten-Mile,  similar  gold,  free  from  quartz,  occurs  on  a  bedding  plane 
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in  association  with  limonitized  pvriU>  cu])es.  A  piece  of  Cohen's 
dyke,  from  the  ir>0-ft.  level  in  the  Long  Tunnel  mine,  in  the 
Ballarat  School  of  Mines  collection,  shows  free  gold  without  any 
quartz  on  a  joint  plane  or  fracture  in  the  rock,  and  similar 
examples  have  In^en  seen  in  the  A  I  dyke,  near  the  surface. 

The  doNNHiward  descent  of  the  auriferous  waters  may  be  checked 
by  impervious  barriers,  such  as  faults,  rolls  in  the  reefs  and  dykes, 
cross-veins,  and  other  structural  features,  and  the  bulk  of  the 
gold  will  be  deposited  in  close  association  with  these  barriers. 
Such  gold  will,  in  general,  be  prevented  from  migrating  downwards 
in  solution,  and  will,  in  the  course  of  time,  reach  the  surface.  As 
a  case  in  point,  the  famous  Royal  Standard  reef  consisted  of  the 
dissected  remnants  of  a  bedded  synclinal  vein,  the  trough  of  the 
reef  being  about  70  ft.  from  the  surface  [No.  57,  p.  20).  The 
mode  of  occurrence  of  the  gold  and  the  wonderful  richness  of  the 
reef  strongly  suggest  that  the  stnicture  acted  as  a  barrier  to 
descending  auriferous  waters. 

(3)  The  chemical  nature  of  the  vadose  waters. — Variations 
from  time  t^)  time  in  the  chemical  nature  and  amounts  of  the 
vado.se  wat<»rs  will  naturally  affect  the  amount  of  gold  going  into 
solution.  If  no  solv(».nt  is  present,  then  no  gold  will  be  dissolved, 
and  conse([uently  in  time  it  will  reach  the  surface  by  denudation. 

Of  the  .s(j1  vents  for  gold,  it  is  believed  that  free  chlorine  derived 
from  the  attack  of  sulphuric  acid  on  manganese  dioxide  in  the 
presence  of  soluble  chlorides  has  been  most  potent.  Sulphuric 
acid  is  formed  by  the  oxidation  of  iron  pyrites,  which  is  present 
in  all  the  dykes  and  most  quartz-veins.  Hydrated  oxide  of 
manganese  in  small  quantities  is  ubiquitous  near  the  surface. 
Almost  ever\'  piece  of  quartz  from  near  the  surface  contains  stains 
and  veinlets  of  psilomelane.  Ncarlv  all  tlu^  dykes  contain  small 
amounts  of  MnO — cj/.,  Mornins^'  Star,  0.\4%\  New  Loch  Fync, 
^*- J->  %  '  a"ti  ^"c  specimen  of  the  A  1  dyke,  0.23  %.  Furthermon*. 
the  vein  carlxinates — ankerite,  &c. — are  usually  manganiferous 
One  specimen  of  ankerite  from  the  Little  ('omet  mine  gave,  on 
analysis,  0.47  *^q  MnO.  Solubk^  chlorides  are  present  in  nearly  all 
vadose  waters. 
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D. — ENRICHMENT    BY    MECHANICAL    CONCENTRATION    AT    AND    NEAR 

THE   SURFACE. 

The  chief  criterion  used  in  determining  this  type  of  enrichment 
is  th(^  occurrence  of  very  rich  surface -values,  decreasing  fairlv 
rapidly  in   depth. 

Several  mines  in  this  belt  were  wonderfully  lich  right  at  the 
surface,  but  failed  to  maintain  their  reputation  in  depth.  For 
example,  gold  was  seen  glittering  on  the  surface  outcrop  of  the 
Royal  Standard  mine  by  the  discoverers  when  100  ft.  awav  from  it. 
The  first  recorded  crushing  from  this  mine  yielded  2934  oz.  of  gold 
from  300  tons  of  ore,  equal  to  about  9 J  oz.  per  ton.  The  total 
recorded  }  ields  up  to  November,  18HG,  are  about  13,718  oz.  of 
gold  from  7000  tons  of  quartz  obtauied  from  the  surface  to  a 
deptli  of  70  ft. 

Tlie  first  recorded  crushing  from  the  Specimen  mine,  near  Ten- 
^lile,  gave  010  oz.  11  dwt.  of  gold  from  12  tons  of  quartz,  from 
depths  0-30  ft.  At  a  depth  of  100  ft.  133  tons  of  ore  yielded 
458  oz.  of  gold.  A  lower  tunnel  cut  the  reef,  but  apparontlv  it 
was  poor,  as  work  was  soon  discontinued. 

Dompsey's  reef,  Gaffney's  Creek,  was  extremely  rich  near  the 
surface.  In  18(31,  7  cwt.  of  quartz  from  near  the  surface  gave 
153  oz.  of  gold,  and,  from  a  depth  of  23  ft.,  8  tons  of  quartz  yielded 
.■»70  oz.,  and  100  tons  averaged  15  oz.  per  ton.  At  80  ft.  the 
average  t<iiior  of  the  quartz  had  fallen  below  10  dwt. 

In  I8()5  some  patches  of  extremely  rich  ore  were  taken  out  of 
the  Eldorado  mine  from  the  surface  to  a  depth  of  30  ft.,  as  will 
be   seen    by   th(»   following   figures  :  — 

June,   l.S(;5.  — 5  tons  of  ore  gave  90  oz.  of  gold,  0-30  ft. 
Sept.,   18G5. — 9   tons  of  ore  gave  448   oz.   12    dwt.   of   gold, 

0-30  ft. 
Dec,    1805. — 7  tons  of   ore  gave    01  oz.     H)  dwt.    of    gold, 
0-30  ft. 
Trom  18()4  to  1895,  inclusive,  4720  tons  of  ore  from  this  mine 
virldod  5333  oz.   13  dwt.  of  gold  from  the  surface  to  a  depth  of 
•2(\()  ft.  ) 


228 


N.  R.  JUNNER 


In  the  New  Loch  Fvne  mine  2  tons  of  ore  from  the  surface 
produced  73  oz.  of  «:;old.  At  depths  between  40  and  55  ft.  372  tons 
of  quartz  yiekled  1701  oz.  6i  gold  in  1864.  No  ore  from  greater 
depths  ever  approached  this  richness. 


/so  200 

Fm;.  :,. 

Gkath. 

Illuiftrating  enrichment  in  auriferous  valucH  at  and  cIohc  to  the  Hurface. 

The  richneas  of  the  ore  from  the  Leichhardt  mine,  Stander's 
Creek,  near  the  surface,  and  its  impoverisliment  with  depth,  are 
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well  illustrated    by  the  following  yields   given  by  Mr.  0. 
Whitelaw  (No.  55,  p.  29)  :— 


A.  L. 


Depth 

Ore  Crushed. 

Yields  of  Gold 

Tons. 

oz.     dwt 

Surface 

15 

146    0 

0-100  ft 

24 

208    0 

120  ft 

457 

767  10 

130-150  ft. 

905 

751  10 

200  ft 

126 

152    5 

300  ft.  (No.  3  level) 

Av.  16 

The  first  recorded  crushing  from  the  All  Nations  mine  produced 
165  oz.  of  gold  from  IJ  tons  of  superficial  ore.  Some  rich  quartz 
was  worked  to  a  depth  of  120  ft.,  but  below  this  depth  the  total 
ore  treated  averaged  less  than  1  oz.  per  ton. 

x\gain,  in  March  and  Jime,  1865,  295  tons  of  ore  from  depths 
of  0-30  ft.  in  Hunt's  dyke  yielded  633  oz.  17  d\vt.  of  gold.  At 
a  depth  of  80  ft.  the  tenor  of  the  ore  had  fallen  to  less  than  7  dwt. 

The  Nciver  Mind,  Johnson's,  and  Republic  reefs,  near  Wood's 
Point,  and  the  Shakespeare  reef,  near  Gaffney's  Creek,  wore  all 
rich  at  and  near  the  surface,  but  l>ecame  unpayable  at  depths 
less  than  200  ft.  The  first  crushing  from  the  Never  Mind  reef 
gave  a  return  of  93i  oz.  of  gold  from  10  tons  of  ore.  According 
to  Mr.  D.  B.  Walker  (No.  52,  p.  12),  £33,000  worth  of  gold  was 
extracted  from  this  reef  between  February,  1866,  and  November, 
1867.  Practically  the  whole  of  this  gold  came  from  an  open  cut 
50  ft.  deep.     Below  this  depth  the  ore  was  not  payable. 

Other  mines,  such  as  the  Sir  John  Franklin,  Star  of  the  West, 
and  Sailor  Bill's,  show  a  progressive  decrease  in  values  from  the 
surface  downwards  without  any  great  marked  surface  enrichment 
{vide  graph,  fig.  5). 

E. — ENRICHMENT  IN  THE   LOWER  P.\RT  OF  THE   VADOSE  ZONE. 

(a)  Criteria  for  RmHjnitiov. — Xunn^rous  instances  of  enrich- 
ment in  the  auriferous  values  have  been  noted  in  the  mines  of 
this  belt  in  the  vie  initv  of  the  basc^  of  the  zone  of  surface  decoiu- 


-30  ]Nj.  1'.  .7 r XX Ell 

position,  which  varies  from  a  depth  of  100  ft.  or  less  to  more  than 
350  ft.  In  most  cases  the  enrichment  can  be  proved  to  be  due 
to  tlie  leacliing  of  the  gold  fiom  the  upper  portions  of  the  veins 
by  descending  surface  waters  and  its  re-deposition  in  more  con- 
centrated form  at  lower  levels. 

The  criteria  used  for  determining  this  type  of  enrichment  are 
a.«?   fill  lows,   viz.  : — 

(1)  Statistical;    the    occurrence    of    considerably    enriched 

values  near  the  base  of  the  vadose  zone. 

(2)  The  mode  of  occurrence  of  the  gold. 

The  gold  from  such  enriched  patches  or  zones  in  the  lodes 
occurs  in  the  following  ways  : — 

(a)  In  mossy  and  fern-like  gro\\i:hs  ;  in  botryoidal  form ; 
in  crystals  ;  and  as  strings  and  veins  filling  cracks  in  friable  quartz 
and  country-rock.  Such  gold  is  normally  associated  with  limonite 
and  psilomelane,  and  sometimes  with  native  copper,  malachite, 
*'  mutton  fat,"  and  rarely  witli  secondary  sulphides. 

(6)  As  nuggety  and  finely-divided  gold,  frequently  free  from 
quartz,  on  ledges  and  shoulders  on  the  dyke  or  vein-walls  ;  at 
the  intersectioji  of  steeply-dipping  and  more  or  less  flat  veins, 
ami  on  relatively  flat  faults  displacing  the  dyke  or  reef.  The  gold 
from  these  patches  is  sometimes  coated  with  limonite  and  psilo- 
melane or  arsenopyrite,  j^^id  at  other  times  it  is  deposited  on 
pyrit-e  or  arsc^nopyrite. 

There  can  be  no  question  of  such  gold  being  formed  in  any 
other  way  than  from  descending  surface  waters. 

Fig.  G  illustrates  grai)hically  this  enrichment  in  the  lower  portion 
of  the  zone  of  surface  decomposition  in  certain  mines. 

The  Htatistics  from  which  the  graphs  were  constructed  were 
mnstly  culled  from  th(^  (juart^'rly  reports  of  the  mining  surveyors 
and  registrars  of  Victoria.  The  writer  is  quite  aware  that  the 
recorded  values  of  the  ores  arc  not  in  all  cases  true  ndlections 
of  their  average  tenor.  In  certain  mines  some  of  the  ore  is 
hand-picked  l>efore  cru.shing.  Tn  others  a  good  deal  of  mullock 
is  cruiihed  with  the  rjuartz.  Again,  in  many  cases  only  the 
richest  ore  is  mined.     These  factors,  and  th(;  practice  adopted  by 
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certain    mine    managers     of  keeping    back   some   of    the    richer 
specimens  from  one  crushing  to  equalize  or  boost  others,  all  tend 


to  place  a  falser  valine  on  the  ore  mined.     NevertheKss,  the  writer 
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is  of  the  opinion  that  the  graphs  give  a  fairly  close  approxima- 
tion to  the  true  values  of  the  ore  at  the  various  depths 
indicated  on  them,  (are  has  been  taken  to  exclude  as  far  as 
|X)ssible  vields  from  small  parcels  of  quartz,  unless  they  are  taken 
in  conjunction  with  larger  crushings  from  the  same  depth,  also 
those  returns  where  a  wide  range  in  depth  is  recorded,  and 
others,  again,  where  the  depth  is  not  given,  or  is  uncertain. 

The  general  conclusion  to  be  drawn  from  the  graph  is  that  in 
certain  mines — e.g..  Ah\bama  (Ten-Mile),  Luck's  All,  A  1,  Long 
Tunnel.  Hope  (Morning  Star),  All  Nations,  and  Unknown — enrich- 
ments, in  some  cases  of  considerable  economic  importance,  have 
taken  place  at  depths  varying  generally  between  100  and  300  ft. 

In  the  A  1  mine  the  enriched  ore  occurred  at  depths  between 
100  and  \^^  ft.  from  the  surface  ;  in  the  Long  Tunnel,  at  about 
200  ft.  ;  in  the  Alabama,  between  140  and  200  ft.  ;  and  in  Hunt's, 
between  180  and  200  ft. 

(6)  Detailed  Account  of  Enrichment  by  Solution  of  the  Gold  mid 
its  Re-deposition  at  Lower  Levels. — Georgia  mine,  Railway  Creek, 
near  Enoch's  Point. — ^Two  dykes,  about  10  ft.  apart,  dipping 
at  high  angles,  70^-80°,  to  the  west  are  seen  in  this  mine.  They 
cut  across  the  strata,  which  dips  at  angles  var3nng  between  40° 
and  50'"'  to  the  east,  at  about  GO^  in  dip  and  40°  along  the  strike. 
The  western  dyke,  on  which  the  bulk  of  the  work  has  been  done, 
averages  3  ft.  in  width,  but  enlarges  locally  to  10  ft.,  and  pinches 
-elsewhere  to  a  few  inches  in  width. 

The  characteristic  flat  veins  of  tlie  narrow  dykes  are  well 
exemplified  in  this  mine.  They  average  2  to  3  in.  in  width.  In 
places  fiat  veins  of  coarse  calcite  and  arsenical  pyrites  replace 
the  usual  quartz-ankerite  veins.  These  flat  veins  or  "  floors " 
normally  .stop  sharply  at  the  dyke  wall.  They  were  worked  in 
the  early  clays  of  this  field,  l>etween  1868  and  1881,  and  averaged 
about  3  dwt.  of  gold  per  ton.  Thin  veins  of  well-crystallized 
<calcite,  with  a  little  iron  and  arsenical  pyrites,  occur  in  places 
Ix^tween  the  walls  of  the  dyke  and  the  contiguous  strata. 

Small  dip-slip  faults  displace  the  dyke  a  few  inches,  but  rarely 
more  than  0  in.     At  the  intersection  of  the  hanging  wall  of  the 
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dyke  with  these  displacements,  patches  of  coarse  and  of  fine  gold 
are  frequently  found  (vide  fig.  7). 

Sometimes  the  d\^ke  d<*parts  locally  from  its  normal  dip  and 
rolls  a  few  inches  to  tlie  east,  as  in  fig.  S.  In  such  cases  there  is 
usually  a  ledge  or  shoulder  of  hard  sandstone  with  the  dyke  wall. 


Fui. 


Fjii.   M. 


Skktch  skotions  ACimss  thr  Gkoiuua  dvkk,  nkau  Enoch's  P(»int 

Showing  localization  of  putches  of  «,'ol(l — "G."     "  1)  "  =  lauiprophyrc  dyke  wirij 
flat  quartz  veins  ;  *•  S  "  =  Silurian  slates  ;m<l  sandstones  ;  '•  F  "  =  fault. 

These  ledges  are  favoured  places  for  the  finding  of  patches  of  nuggety 
and  fine  secondary  gold. 

Coarsely  crystalline  gold  in  calcite  is  sometimes  found  in  this 
mine  where  the  flat  veins  of  calcite  and  arsenopyrito  intersect 
the  hanging  wall. 

Thanks  to  the  courtesy  of  Mr.  F.  Higgii\s,  of  Enoch's  Point,  the 
writer  had  excellent  opportunities  of  studying  the  gold-occurrence 
in  the  Georgia  mine  and  of  examining  numerous  specimens  taken 
from  the  above-mentioned  patches  on  the  ledges  and  fault-planes. 

The  gold  from  these  places  occurs  in  various  forms — 

(1)  As  nuggets  practically  free  from  (piartz.  and  oiUm  coat-ed 
with  hvdrated  oxide  of  manganese  and  secondary  arsenical  pyrites 
— so-called  "  Mack  gold."  Tlie  largest  luigget  from  this  mine 
weighed  ahout  M)  oz..  hut  several  others  up  to  0  oz.  in  weight  were 
unearthed.  This  nuggety  gold  is  absent  in  the  veins  within  the 
dyke,  and  is  (confined  to  the  above-mentioned  ledges  and  fault- 
planes.  Two  miggcts  of  l)lack  gold,  free  fioiii  <piartz,  in  size  and 
8ha|K^  of  a  wooden  match-box,  were  seen  by  the  writer.  They  lamo 
from  b<itwe<Mi  the  walls  of  the  dyke  and  surrounding  s<»diments,  and 
their  sha{K)  obviously  had  l)een  determined  bv  that  of  tlie  walls. 
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(2)  As  loose  fern  and  moss  gold,  which  is  often  well  crystallized 
and  usually  coatixl  with  ])yndusite  and  arsenical  pyrites  and 
red  hyd rated  oxide  of  iron. 

(3)  As  beautifully-crystallized  gold — normally  in  form  of 
octaliedra  or  dodecahedra,  and  more  rarely  as  cubes,  sometimes 
bright,  but  more  often  coated  by  secondary  arsenopyrite  and 
psilomelane.  Crystalline^  gold  also  occurs  in  calcito  along  the 
walls  of  veins  witliin  tlic  dyke. 

(4)  As  botrj'oidal   gold  deposited  on   earthy   arsenopyrite. 

(5)  As  finely-divi(l«'d  loose  gold  and  coating  arsenopyrite. 

(6)  As  black  gold. 

"Where  the  gold  is  associated  with  cah-ite  it  is  almost  invariably 
well  cr}'st-allized.  and  freciuently  nuggety.  One  specimen  of  the 
gold  from  one  of  these  ledges  was  in  the  form  of  a  rosette  of 
cn'stals^  and  was  attached  to  a  crystal  oi  (piartz. 

Knowles  Dyke,  Knowle's  Creek,  near  Enoch's  Point. — Knowle's 
dyke  averages  uj)  to  G  ft.  in  thickness,  and  dips  at  ^ 
a  high  angle  to  the  east.  It  cuts  across  the  strata, 
which  dip  here  at  about  40°  to  50°  to  the  east  in  strike 
as  well  as  in  dip,  as  in  the  Georgia  dyke.  The  dyke  carries 
the  u.sual  flat  leaders  of  (piartz,  but  in  general  they  were 
foiuid  to  l)e  unpayable. 

Some  of  the  salient  features  of  the  gold-occurrence  in  this  mine 
are  as  follows,  viz.  : — 

(1)  Practically  all  the  gold  came  from  the  foot-wall  of  the  dyke 
at  its  intersection  with  small  bedded  fault-planes,  and  from  ledges 
where  the  dyke  has  altered  its  course  locally,  in  exactly  the  same 
manner  as  in  the  Georgia  mine. 

(2)  S<;veral  nuggets  of  fairly  laig(^  size  wen;  unearthed  fiom  this 
mine.  Mr.  F.  Higgins  informs  the  writer  that  the  first  of  any 
not<i,  25  oz.  in  weight,  came  from  a  depth  of  150  ft.,  and  that  they 
were  found  U)  a  depth  of  :)()()  ft.  from  tin;  surface.  The  largest; 
nugg»^t  found  in  this  bflt,  J  OH  oz.  gross  iind  I V)  oz.  fine;,  camo 
from  this  mine  at  a  depth  of  2(H)  ft. 

(A)  None  of  this  nuggety  gold  came  from  within  the  dyke  ; 
all  of  it  came  from  the  walls  of  the  dvke. 
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(4)  Tlie  uuiTgcts  were  very  free  from  quartz,  and  were  often 
coated  with  secondary  earthy  arsenopyrite  and  psilomelane,  and 
occasionally  linionite. 

(5)  Quite  a  considerable  amount  of  finely-divided  crystalline 
and  fern  gold  was  found  with  the  nugorets. 

(0)  Several  miggets.  many  of  which  were  of  the  ''  black  gold  " 
type,  were  found  iu  Knowle's  Creek. 

Waverly  Dyke,  Wood's  Point. — Mr.  Renwick,  of  Wood's  Point, 
informed  the  writer  that  he  obtained  rich  patches  of  coarsely- 
crystallized  gold  associated  with  little  or  no  quartz  on  ledges  near 
the  surface  on  the  hanging-wall  of  the  dyke  formed  by  small  rolls. 

Such  ledges  seem  to  be  favoured  places  for  the  deposition  of 
the  gold,  for  Mr.  0.  A.  L.  AVhitelaw  (No.  ."iT.  p.  24)  says,  speaking 
of  the  Republic  mine,  near  AVooiTs  Point — 

"  The  reef  makes  numerous  rolls  or  pitches  in  a  general  northerly 
direction,  and  it  is  upon  the  '  shoulders '  thus  formed  that  the  richer 
patches  of  gold  have  been  found." 

Again,  according  to  Mr.  R.  A.  F.  Murray  (No.  37,  p.  43)  — 

"  The  quartz  carrying  the  best  gold  at  the  Rose  of  Denmark  mine 
seems  to  ride  on  slightly  j)rojecting  ledges  of  the  slate  rock  on  the 
footwall." 

May  Moon  Dyke,  All  Xations  Mine,  Matlock. — Rich  patches 
of  gold  were  unearthed  by  Messrs.  Lawson  Bros,  from  the  wall 
of  the  May  Moon  dyke  at  a  depth  of  between  150  ft.  and  200  ft. 
One  nugget,  weighing  more  than  100  oz.,  was  obtained  by  them 
at  a  depth  of  alx)ut  200  ft.  between  the  dyke-wall  and  the  country- 
rock  ;  it  was  associattul  with  much  limonit^^  and  practically  free 
from  (piartz.  According  to  Mr.  ().  A.  L.  Whitelaw  (No.  .").'),  p.  2f)), 
*'  The  greater  part  of  the  gold  is  obtained  not  in  the  quartz  leaders 
traversing  the  dvke,  but  in  a  brown  clay  or  '  dig  '  which  lies 
Ixitwcen  the  contact  of  the  dyke  and  the  sedimentary  beds. 
T\w  gold  is  said  to  be  very  often  dissociat(^d  from  quartz." 

StUcliffe's  Mine,  North-.West  of  Matlock.— TXxa  workings  in  this 
mine  are  on  a  narrow  dyke  averaging  4  ft.  in  width,  and  dipping 
to  the  cast  at  alxiut  SO*^.  The  dyke  is  greatly  decomposed  to  a 
depth  exceeding  300  ft.     Some  rieh  patches  of  nuggety  gold  were 
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found  between  200  ft.  and  300  ft.  in  this  mine  on  the  hanging-wall 
of  the  dyke.  Several  nuggets  up  to  4  or  5  oz.  in  weight  were 
exhumed  from  these  patches.  The  gold  was  mostly  free  from 
quartz,  and  was  associated  with  spongy  native  copper,  azurite, 
and  malachite,  limonite,  and  a  greasy  micaceous  decomposition 
product  of  the  dyke  termed  "  mutton  fat."  This  material  is 
common  in  the  vadose  zone  in  many  mines  in  dykes,  and  appears 
to  l)e  a  mixture  of  potash  and  soda,  mica,  talc,  limonite,  kaolin, 
and  free  quartz. 

Liltle  Cornet  Mine,  Wood's  Point. — The  dyke  worked  in  this  mine 
is  of  the  narrow  type — 6  to  10  ft.  in  width.  It  is  traversed  by 
the  usual  flat  floors  of  quartz,  which  in  this  case  are  intersected 
by  nearly  vertical  veins.  Rich  patches  of  gold  were  obtained  at 
and  close  to  the  intersections  of  these  veins.  One  such  mass  of 
gold,  aggregating  in  weight  more  than  80  oz.,  was  discovered  in 
1913  at  a  depth  of  about  220  ft.  It  was  associated  with  a  little 
quartz  and  some  limonite  and  malachite.  Massive  secondary 
pyrites  filled  in  the  interstices  between  the  quartz  crystals. 

o    ^ 
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.Sketch  Sfxtio.n  ok  tiik  Home  Rdlb  mink  nkau  Gakknky's  ciiEiiK. 

Showing  localization  of  pockctj*   of  pold— A.  B,  C,  PJ ;   "Q"  =  (|imrtz  reefs  ; 
"  D  "  =  laropropbyrc  dyke  ;  "  S  "  =  Silurian  slates  an«l  sand 
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ffome  Rule  Mine,  near  Gafjne^fs  Creek. — The  dyke,  a  narrow 
one,  averaging  about  2  ft.  in  width,  dips  at  an  angle  of  about  20° 
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to  the  west,  cutting  across  the  strata,  which  dip  here  to  the  west 
at  about  75°.  Four  step  dip-slip  faults,  in  which  small  laminated 
quartz-veins  have  formed,  displace  the  dyke,  as  in  the  figure. 

The  fault-reefs  and  the  veins  m  the  dyke  were  relatively  poor, 
averaging  less  than  5  dwt.  per  ton,  but  rich  patches  of  gold 
occurred  in  the  vicinity  of  the  points  A,  B,  C,  and  D  in  the  figure. 
The  richest  values  came  from  pocket  "  A,"  which  averaged  about  30 
dwt.  to  the  ton,  while  the  ore  from  "  E  "  averaged  less  than  8  dwt. 
per  ton.  The  greater  part  of  the  gold  in  these  patches  occurred 
loose,  and  not  in  the  quartz.  It  was  associated  with  limonitizod 
pyrite,  native  sulphur,  and  hydra  ted  oxide  of  iron.  The  bulk  of 
it  was  coarse,  but  some  finely-divided  flour  gold  was  also  present. 

Alabama  Mine,  near  Ten-Mile. — The  Alabama  reef  is  a  narrow 
bedded  laminated  reef,  normally  less  than  6  in.  in  width.  At  a 
depth  of  about  150  ft.  from  the  surface  the  reef  intersects  and 
displac  3  for  a  distance  of  a  few  feet  a  lamprophyre  dyke,  which 
averages  about  6  ft.  in  width.  The  Alabama  reef  at  this  point 
dips  at  an  angle  of  about  80°  to  the  west,  and  the  dyke  at  between 
50°  and  60°  to  the  west.  At  the  intersection  with  the  dyke  the 
reef  bulges  to  as  much  as  4  ft.  in  width,  and  rich  pockets  of  gold 
were  found  in  the  quartz  in  this  vicinity.  The  gold  occurred  in 
the  form  of  strings  and  veinlets  through  the  quartz,  and  was 
associated  with  much  red  hydrated  oxide  of  iron. 

Tlie  following  tabulated  yields  from  this  mine  illustrate  well 
the  enrichment  between  140  ft.  and  200  ft.  : — 


Depth  in  feet. 

Tonnage  crushed. 

Yield. 

tons 

oz.     dwt. 

0-50 

27 

72     0 

80-00 

90J 

145     6 

120 

SU 

56     3 

140  and  150 

208 

1172     0 

200 

279J 

1390    3i 

300 

18 

51  11 

J  I  Mine,  Gaffneffs  Creek. — ^That  an  important  enrichment 
occurred  in  the  orc-valuos  in  this  mine  between  100  ft.  and  180  ft. 
from  tho  surface   is  evident  from  the  following  yiekls,  culled  from 
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the  reports  of    tho  mininj^  siirvovors   and  registrars  for  the  period 
1S()2  to    1892:— 


Depth  in 

feet. 

Ore  Crushed 

Yield 

tons. 

oz 

0-50    .. 

5652 

7747 

60-80 

7991 

10,962 

100-130 

10,567 

20,511 

150-180 

3871 

6626 

200     .. 

1505 

1267 

250     .. 

. . 

120 

48 

Unfortunately,  very  little  information  is  now  obtainable  as  to 
the  mode  of  occurrence  of  the  gold  in  these  upper  levels.  Mr.  J. 
Friel,  manager  of  the  New  Loch  Fyne  mine,  Matlock,  informed 
the  writer  that  loose  coarse  gold,  resembling  smelted  and  alluvial 
gold,  was  found  in  vugs  in  the  60-ft.  reef  on  ledges  on  the  western 
wall  of  the  dyke,  and  that  films  and  leaves  of  gold  free  from 
(piartz  were  not  uncommon  in  joint-planes  in  the  dyke  from  the 
:^(X)-ft.  level  of  the   South  A  1   mine. 

Morning  Star  Mine,  Wood's  Po?/i^.— More  than  £1,000,000  worth 
of  gold  has  been  won  from  this  mine  within  400  ft.  of  the  surface. 
At  least  90  %  of  this  gold  was  unearthed  between  1862  and  1875. 
The  early  records  are  incomplete,  but  as  far  as  they  can  bo  inter- 
preted they  indicate  that  the  richest  quartz  came,  not  from  the 
surface,  but  from  depths  between  180  ft.  and  350  ft.,  and  par- 
ticularly about  200  ft.,  as  will  he  seen  from  the  following  figures  : 


Dalo                    Company. 

1 

Ore 
Cru.«ihe(l 

YieldM 

Depth. 

tons. 

ft. 

Aug.,  1H62                  — 

..  . 

averaging  5  oz.  to 

the  ton 

near  surface 

Feb.,  \m\     M'Dcrniott&Co. 

362 

1619  oz.  4  dwt. 

181 

April,  1864  Hope       .  . 

4  oz.  to  the  ton 

200 

June,  1861     Wood's  Point  Co. 

161i 

2632  oz.  4  dwt. 

100 

June,  1864    Drysdale  and  Co. 

500 

7500  oz. 

(?)  230 

Sept.,  1864  Wood'.s  Point  Co. 

147 

2026  oz.  lOJ  dwt. 

200 

Sept.,  1864  Dnwlale  and  Co. 

300 

1500  0Z. 

(?)  230 
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The  bulk  of  the  gold  won  from  the  Morning  Star  Hill  came 
from  two  reefs — the  Age  of  Progress,  on  the  west  wall  of  the  dyke, 
and  Cherry's  reef,  on  the  east  wall.  Both  reefs  run  out  into  the 
Silurian  strata,  and  have  proved  payable  for  long  distances  along 
the  dyke  walls.  According  to  Mr.  0.  A.  L.  Whitelaw  (No.  57, 
p.  16),  the  Age  of  Progress  reef  was  worked  along  the  western  wall 
for  1500  ft.,  and  was  poor  from  the  centre  of  the  dyke  to  the  east 
wall ;  and  Cherry's  reef  was  proved  payable  for  1100  ft.  along  the 
eastern  wall,  and  was  poor  on  the  western  wall.  More  than  one- 
third  of  the  total  gold  won  from  the  Morning  Star  Hill  came  from 
these  reefs  outside  the  dyke  walls.. 

Unfortunatelv,  few  facts  relevant  to  the  mode  of  occurrence  of 
the  gold  in  these  reefs  have  been  preserved.  The  late  Mr. 
Stacpoole,  who  was  conversant  with  the  early  workings  in  the 
Morning  Star  dyke,  informed  the  writer  that  the  gold  frequently 
occurred  as  strings  and  veins  associated  with  limonite  and 
**  mutton  fat,"  in  friable  vitreous  quartz,  and  sometimes  loose 
in  vugs. 

As  now  seen  in  the  stopes  off  the  Hope  adit-level,  the  Age  of 
Progress  reef  is,  for  the  most  part,  vitreous,  non-laminated,  barren- 
looking  quartz.  It  is  very  friable  and  much  iron-stained  in  places, 
and  is  very  free  from  sulphides.  Cherry's  reef,,  in  the  same  adit- 
level,  is  composed  of  vitreous  quartz,  \iiggy  in  places,  and  much 
iron-stained.  Sulphides  are  rare  or  absent,  and  the  dyke  near 
the  wall  is  much  decomposed  in  places. 

Between  the  300-ft.  and  GOO-ft.  levels  the  present  company  has 
intersected  several  reefs,  but  up  to  the  present  they  have  yielded 
little  gold.  They  are,  in  general,  laminated  and  well  mineralized, 
and  the  surrounding  dyke  is  hard  and  little  decomposed.  The 
bulk  of  the  gold  occurred  intimately  associated  with  arsenopyrit^ 
along  laminations  in  the  quartz  and  in  certain  leaders  in  black 
slates  outside  the  east  wall  of  the  dyke. 

It  seems  very  probable,  from  the  available  evidence  and  from  the 
experience  of  other  mines  in  this  belt,  that  the  very  rich  gold 
won  in  the  early  days  from  the  Morning  Star  dyko  was  largely, 
if  not  entirely,  of  secondary  origin,  and  that  it  was  concentrated 
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by  long-continued  denudation  and  solution  of  the  gold.  The 
present  workings  are  in  the  zone  of  primary  values,  and  such  rich 
yields  as  of  yore  cannot  be  expected.  On  the  other  hand,  it 
would  be  fatuous  to  claim  that  the  gold  is  confined  to  the  upper 
zone  of  surface  decomposition,  as  every  atom  of  evidence  is 
contrary  to  this  idea. 

3. — ^Black  Gold. 

Black  gold  is  the  miners'  term  for  gold  coated  with  black 
hydra  ted  oxide  of  manganese. 

Messrs.  Selwyn  and  Ulrich  (No.  41,  p.  41),  speaking  of  Victorian 
alluvial   gold,   say  :  — 

"  In  some  leads — for  instance,  at  Guildford,  Daisy  Hill,  &c. — 
portion  of  the  gold  is  commonly  coated  with  black  manganese  or 
brown  iron  ore — '  black  gold.'  " 

Such  gold  was  not  an  uncommon  feature  in  the  pre -deep -lead 
sands  and  gravels  at  Ballarat  and  in  the  Loddon  leads. 

Much  of  the  gold  from  Knowle's  and  the  Georgia  dykes  at 
Enoch's  Point  from  shallow  depths  was  of  this  type.  The  coating 
is  not  always  psilomelane,  but  is  often  earthy  arsenopyritc. 

A  nugget  of  black  gold,  weighing  approximately  2  lb.  troy, 
was  obtained  from  the  Ball  Room  chamber  in  the  Eldorado  mine, 
near  Gaffney's  Creek.  Black  alluvial  gold  has  also  been  found  in 
Gaffney's  Creek,  near  Hunt's  mine,  and  near  Store  Point. 

4. — Permanence  in  Depth. 

Until  within  the  last  fifteen  years  prospecting  in  depth  was  not 
encouraged  in  this  belt.  The  pernicious  influence  of  the  theory 
of  Mr.  H.  A.  Thompson  (No.  49,  p.  246),  that  the  quartz  floors 
in  the  dyk"i8  were  filling  cracks  near  the  surface,  and  as  such  were 
not  likely  to  f>enetrat<?  to  any  great  depth,  was  largely  responsible 
for  this  state  of  affairs. 

That  the  mincjralization  is  (h;ep-seated  is  clear  from  the  evidence 
brougiit  forward  in  this  pyper.  Furthermore,  conduits  must  have 
existed  for  the  conveyance  of  the  auriferous  ascending  solutions, 
and  the  field  examination  has  shown  that  fault-fissures  and 
orogenic    and   contraction     joints   have     provided    the    necessary 
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channels.  The  recognition  of  this  deep-seated  origin  of  the  gold 
and  the  initiative  displayed  by  certain  companies,  such  as  the 
A  1  and  the  Rose  of  Denmark,  in  sinking  and  developing  their 
properties  in  depth,  has  acted  as  an  incentive  to  other  companies 
— e.g.,  New  Loch  Fyne  and  the  Morning  Star — to  prospect  their 
ore-bodies  at  lower  depths,  with  the  result  that  the  New  Loch 
Fyne  management  has  struck  a  reef,  cnishings  from  which  of 
late  have  averaged  about  1  oz.  per  ton. 

The  average  tenor  of  the  ore  from  between  the  850-ft.  and 
10(X)-ft.  levels  in  the  A  1  mine  has  proved  richer  than  anv  ore 
previously  taken  from  this  mine,  with  the  exception  of  that 
obtained  from  the  secondarily  enriched  zone  between  100  and 
180  ft.  from  the  surface.  Notwithstanding  the  fact  that  a  con- 
siderable amount  of  mullock  was  crushed  with  the  quartz,  48,901 
tons  of  it  yielded  47,398  ozs.  of  gold  during  the  years  1913  to 
1918  inclusive.  Almost  the  whole  of  this  ore  came  from  between 
800  and  1000  ft. 

Again,  the  quartz  from  the  Rose  of  Denmark  mine  was  relatively 
poor,  averaging  about  7  dwt.,  from  the  surface  down  to  the  main 
adit-level,  a  depth  of  at  least  500  ft.  at  the  engine  chamber. 
Below  this  level  the  ore  became  richer,  and  about  40,000  tons  of 
quartz,  averaging  about  11  dwt.  of  gold  per  ton,  were  crushed 
between  the  main  adit-level  and  No.  5  below  it. 

It  seems  reasonable  to  expect  that  many  other  mines  in  this 
belt  will,  if  developed  in  depth,  show  the  same  general  result. 

However,  secondary  enrichment  has  had  a  marked  effect  on  the 
auriferous  values  of  many  of  the  quartz  reefs,  and  its  bearing  on 
the  tenor  of  the  ore  in  depth  nmst  not  be  overlooked.  Mines 
liko  the  Royal  Standard,  Morning  Star,  Eldorado,  New  Loch  Fyne, 
Ivoirhhardt,  &c.,  are  not  likely  to  prove  as  rich  in  depth  as  near 
the  surface,  owing  to  the  extensive  secondary  concentration  of 
the  iTold  in  their  upper  zones. 

5. — Suggestions  for  Future  Mining,  &c. 

The  assets  of  this  belt  for  mining  purposes  are  a  good  climate, 
plenty  of  timber  for  fuel  and  timl^ering,  and,  normally,  a  suflicient 
supply  of  water.     The  writer  is  of  the  opinion  that   much  more 
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use  could  be  made  of  the  Goulburn  River  and  its  tributaries  for  the 
generation  of  electrical  and  other  power,  and  also  for  sluicing  those 
vast  high-level  and  other  gravel  deposits  that  have  been  so  iittle 
worked. 

The  disadvantages  with  which  the  mines  in  this  belt  have  to 
contend  are  as  follows  : — A  youthful  topography ;  absence  of 
railways ;  bad  roads ;  and  the  concomitant  inflated  costs  of 
mining  machinery,  stores  and  provisions,  and  the  difficulty  of 
getting  skilled  labour. 

For  future  mming  to  be  a  success,  sound  business  methods  and 
scientific  development  will  have  to  be  employed.  The  policy  of 
the  past,  of  picking  the  eyes  out  of  the  mines  and  disbursing  every 
penny  in  dividends  without  a  thought  for  the  morrow,  must  not 
be  tolerated. 

Furthermore,  development  of  this  belt  will  not  be  possible  until 
the  economics  of  the  gold  question  have  boon  solved  and  the 
policy  of  our  Government  towards  gold-mining  has  been  defined. 
At  present  whole-hearted  judicious  Government  support  seems  to 
be  the  only  means  of  saving  the  industry.  The  present  policy  of 
expending  an  amount  of  some  £10,000  to  £20,000  annually  to 
encourage  mining  in  the  State  is  absolutely  futile,  and  defeats 
its  own  object. 

The  possibility  of  the  discovery  of  new  goldfields  in  this  belt 
seems  a  remote  one.  Nature  has  been  kind  to  the  prospector  in 
removing  the  overburden  of  the  reefs,  and,  although  the  topography 
is  wild  and  juvenile,  prospecting,  on  the  whole,  has  been  very 
thorough.  All  the  more  important  reefs  were  discovered  prior 
to  1870,  and  finds  since  then  have,  with  few  exceptions,  yielded 
little  gold. 

The  possibility  of  reefs  which  are  barren  or  poor  at  the  surface 
becoming  payable  or  rich  in  depth  owing  to  the  complete  solution 
of  the  gold  from  near  the  surface  in  descending  waters  must  not 
be  overlooked,  and  no  mine  can  be  condemned  as  a  "  dud  " 
concern  until  it  has  been  tested  below  the  base  of  the  zone  of 
surface  decomposition.  Many  mines  in  this  belt  have  not  been 
prospected  in  the  primary  sulphide  zone,  and  consequently  their 
worth  or  otherwise  has  not  been  proven.     Further,  many  reefs 
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have  not  been  thoroughly  explored  and  developed  near  the  surface 
— e.g.,  Unknown,  Royal  Standard.  P^ldorado,  Little  Comet,  &c. 

Although  boring  is  not  of  much  value  for  sampling  reefs,  it  is 
useful  in  locating  new  ones,  particulaily  in  dyke  formations.  It 
is  relatively  cheap,  and  could  be  applied  with  justificatiou  in 
certain  places  in  this  belt — e.(j..  Royal  Standard  mine,  where 
considerably  more  than  £50,000  worth  of  gold  was  won  from 
within  100  ft.  of  the  surface,  and  no  reefs  have  been  located  at 
lower  levels. 

The  tribute  system  should  be  encouraged.  Numerous  instances 
could  be  quoted  of  tributing  parties  locating  new  reefs  and  shoots 
of  gold,  which  often  have  given  new  lease  of  life  to  abandoned 
and  struggling  mines. 

It  is  a  widely-accepted  belief  among  miners  in  this  belt  that 
the  vicinity  of  the  walls  of  the  dykes  are  the  favourite  places  for 
finding  gold.  This  theory  is  in  keeping  with  the  facts  of  the 
gold -occurrence  in  the  vadose  zone,  and  is  readily  explained,  as 
the  walls  of  the  dykes  have  afforded  the  easiest  channels  for 
surface  descending  auriferous  solutions,  but  caution  should  ])e 
exercised  in  applying  the  theory  generally,  as  it  has  not  been 
demonstrated  that  the  gold-occurrence  in  the  prima  rv  zone 
conforms  to  it. 

The  petrologist  can  be  of  some  assistance  to  the  miner  in  that 
lie  can  determine  whether  any  particular  dyke  is  likely  to  be 
auriferous  or  not.  The  results  of  the  present  investigation 
indicate  that  payably-auriferous  reefs  are  confined  to  dykes  of 
dioritic  and  gabbroidal  composition  in  this  belt,  and  that  the  more 
acid  and  more  basic  ones  are  either  non-auriferous  or  poorlv  so. 

In  conclusion,  the  following  tried  mines  are  regarded  as  the 
ones  most  worthy  of  further  attention,  viz.  : — Unknown,  All 
Nations,  Star  of  the  West,  Gleeson's  and  Sailor  Bill's,  Royal 
Standard,  and  Eldorado.  The  Unknowii  mine  was  rich  near  the 
surface,  averaging  more  than  an  ounce  to  the  ton  to  a  depth  of 
ir)0  ft.  Below  this  level  it  remains  almost  untested.  (Jold  can 
be  soon  even  now  in  specimens  picked  from  the  surface  outKTop 
and  shallow  workings  on   the   reef. 
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The  All  Nations,  from  wliicli  approximately  132,000  oz.  of  gold 
were  unearthed,  was  a  very  promising  reef  near  the  surface,  and 
at  one  time  was  regarded  by  the  District  Mining  Surveyor  as  a 
better  proposition  than  the  Morning  Star.  No  systematic  work 
has  been  done  to  test  it  below  a  depth  of  400  ft.  from  the  surface. 

6. — Notes  on  the  Origin  of  Nuggets. 

Accepting  as  a  postulate  that  the  nuggets  found  in  the  alluvial 
in  Victoria  were  shed  from  quartz-veins — a  belief  the  evidence  in 
support  of  which  is  overwhelming — ^^vhat,  then,  has  been  the 
cause  of  the  aggregation  of  such  large  masses  of  gold  in  the  veins  ? 
Current  explanation  invokes  the  aid  of  an  indicator — a  term 
somewhat  loosely  applied  to  thin  bedded  pyritic,  chloritic,  and 
carbonaceous  seams,  laminated  iron-stained  quartz-veins,  narrow 
fissures  or  fractures,  and  "  pug  seams."  Where  these  indicators 
intersect  a  more  or  less  flat  vein  of  quartz,  nuggety  gold  is  the 
rule. 

In  the  only  area  in  the  region  described  in  this  paper  from  which 
many  nuggets  have  been  unearthed  from  the  alluvial — namely, 
Enoch's  Point — nuggets  have  been  shown  to  occur  in  such  a 
manner  in  certain  dykes — e.g.,  Knowle's  and  the  Georgia — as  to 
leave  no  doubt  whatever  as  to  their  deposition  from  secondary 
surface -descending  auriferous  solutions  at  points  where  the 
descent  of  these  waters  has  been  impeded.  Furthermore,  the 
secondary  origin  of  the  May  Moon  dyke  nuggets  and  those  from 
SutclifEe's  and  the  Little  Comet  mines  is  undoubted. 

It  is  believed  that  many,  if  not  most,  of  the  nuggets  found  in 
quartz  reefs  and  alluvial  deposits  in  Victoria  have  originated  in 
a  similar  manner,  and  in  the  following  pages  evidence  will  be 
brought  forward  in  support  of  this  theory. 

With  the  exception  of  the  Kallarat  East  goldfield,  the  nuggets 
found  in  quartz  reefs  in  Victoria  have,  in  practically  all  cases, 
come  from  depths  less  than  400  ft.  or  450  ft.  from  the  surface. 
At  Kingower,  Wedderbum,  Dunolly,  Moliagul,  Rheola,  and  Mary- 
borough— fields  notorious  for  the;  size  and  number  of  the  alluvial 
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nuggets — rich  nuggety  gold  has  been  extracted  from  many  of 
the  quartz- veins  within  300  ft.  from  the  surface  ;  but  l>elo\v  this 
depth  payable  reefs  are  exceptional,  and  nuggets  are  unknown. 

Messrs.  Selwyn  and  Ulrich  (Xo.  41,  p.  41),  in  dealing  with  the 
mode  of  occurrence  of  gold  in  Victoria,  state  that 

"  It  is  found  by  practical  experience  that  the  gold  at  and  near  the 
surface  is  coarser     .     .  than  in  depth,  and,  although  exceptions 

are  known,  it  is  by  most  quartz  miners  acknowledged,  so  to  speak, 
as  a  rule  tliat  the  gold  becomes  finer  and  finer  and  more  intimately 
mixed  with  the  quartz  and  pyrites  the  deeper  the  reefs  are  worked." 

At  Ballarat  East  we  have  an  exception  to  this  rule,  for  nuggets 
have  been  won  from  depths  as  great  as  1300  ft.  from  the  surface. 
However,  this  field  is  intensely  fractured  and  faulted,  and  such 
minerals  as  kaolin  and  radial  marcasite,  which  are  generally 
acknowledged  to  be  formed  by  surface  descending  waters,  were 
not  uncommon  in  the  reefs  in  certain  mines — e.g.,  North  Woah 
Hawp — at  depths  as  great  as  1200  ft.  A  study  of  the  para- 
geuetic  relations  of  the  vein-minerals  shows  that  in  all  cases  the 
gold  was  the  last  mineral  introduced  into  the  reefs.  Further- 
more, the  way  the  gold  occurs  deposited  on  the  sulphide  minerals 
sphalerite?  and  galena,  and  less  commonly  pyrite  and  pyrrhotite, 
and  filling  fractures  in  friable  quartz,  suggests  a  secondary  origin 
for  it. 

Professor  Gregory  (No.  18,  p.  44)  says  : — 

*'  Many  facts  suggest  that  most  of  the  gold  in  the  Ballarat  East 
goldficlds  has  reached  its  present  position  by  the  action  of  solutions 
descending  from  above," 

and  gives  e\adence  in  support  of  this  contention.  The  writer 
thinks  the  facts  warrant  the  conclusion  that  the  bulk  of  the  gold 
of  the  Ballarat  East  field  is  of  secondary  origin,  and  that  it  was 
probably  deposited  from  descending  waters.  The  indicators 
apparently  provided  tlu^  necessary  precipitants  for  the  gold  in 
sfjlutions  crossing  them. 

On  certain    other  fields,  as  will     be    seen   from  the   following 

examples,  the   indicators  apparently  were  channels  along  which 

auriferous  solutions  circulated.     At  Wedderburn  the   indicator  is 

usually  a   thin   l)edd(Ml   iron-stained   quartz- vein   within   beds  of 
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carbonaceous  slate.     In  his  report  on  tliis  area  (No.  56,  p.   K5), 
Mr.  0.  A.  L.  AVhitelaw  says  : — 

"  I  have  not  noticed  one  instance  of  an  indicator  producing  rich 
pockets  of  gold  where  this  metasomatic  quartz  is  absent." 
He,  furthermore,  claims  that  the  gold-bearing  solutions  circulated 
along   the   fault -planes   and    in    the   indicators   themselves,    and 
quotes  analyses  showing  that  the  indicators  are  always  auriferous. 

According  to  Mr.  R.  A.  F.  Murray  (No.  36,  p.  5),  at  Paddy's 
Gully,  Rokewood  Junction,  a  drive  along  a  reef  at  between  20  and 
30  ft.  from  the  surface  showed  a  narrow,  soft,  slaty  band,  some- 
times ferruginous,  sometimes  soft  and  clayey,  varying  from  brown 
or  grey  to  nearly  black  in  colour,  in  contact  with  the  hanging  wall 
of  the  reef.  This  band  is  claimed  by  Mr.  Murray  to  be  an 
indicator,  and,  according  to  him, 

"  An  inch  or  two  of  the  stone  in  contact  with  the  slate  band  is  of 
friable  character,  and  in  this  Hes  the  gold,  in  places  stated  to  be  in 
the  form  of  an  almost  solid  vein,  in  pieces  up  to  several  ounces  in 
weight.  The  rest  of  the  reef  is  of  the  character  known  as  '  buck,' 
or  stone  of  a  hard,  glassy,  unpromising  character." 
This  example,  in  the  writer's  opinion,  is  very  significant  of  a 
secondary  origin  for  the  gold  from  descending  waters. 

According  to  Mr.  W.  Bradford  (No.  6),  the  indicator  in  the 
PjTenees  goldfields  is  often  a  thin  bedded  ferruginous  quartz-vein, 
which  sometimes  carries  free  gold. 

At  Moliagiil  and  Rhcola  the  indicators  are  sometimes  thin 
ferruginous  quartz-veins  and  fissures  filled  with  soft  clay  or  pug. 
Finely-divided  "  flour  "  gold  is  not  uncommon  in  these  indicators. 

In  other  cases  cross-veins  and  faults  appear  to  have  provided 
the  conduits  for  the  auriferous  solutions,  and  the  nuggety  gold 
occurs  in  the  vicinity  of  some  pyritic  or  carbonaceous  precipitant. 
At  Maryborough,  for  instance,  the  indicator  is  usually  a  thin  f 
bedded,  laminated  quartz-vein  within  a  l>cd  of  green  or  purple 
pyritic  slate.  According  to  Mr.  A.  M.  Howitt  (No.  24,  p.  15), 
gold  never  occurs  in  the   indicators.     He  says  :  — 

'*  In  Bome  cascH  the  gold  shoot  is  at  the  junction  of  the  cross- vein 
with  the  laminated  quartz- vein  in  the  indicator,  but  this  happens 
only  when  secondary  pyrites  is  disseminated  in  the  laminated  vein, 
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as  at  Inkerman  and  Alma.  In  other  cases,  as  at  Waterloo,  the  rich 
gold  shoot  is  just  to  one  side  of  the  laminated  quartz-vein,  and 
opposite  a  decomposed  pyritic  seam." 

And  further — 

"  In  every  case  noted  of  enrichment  along  the  indicator,  pyrites 
was  present  under  one  or  other  of  these  conditions." 
The  cross-veins  were  usually  narrow  and  very  fermginous. 
According  to  Mr.  Hewitt,  round,  shotty  gold,  generally  partly 
coated  with  oxide  of  iron  and  in  some  cases  resembliufr  water- 
worn  gold,  is  found  in  some  of  these  veins  at  or  close  to  their 
intersections  with  the  indicators. 

From  wnthin  a  few^  yards  of  the  outcrop  of  the  Matrix  reef,  near 
Rhcola,  nuggets  of  810  oz.,  805  oz.,  and  782  oz.,  and  one  of 
50  lb.  weight,  were  exhumed.  Several  patches  of  nuggety  gold 
have  been  obtained  from  the  reef  itself.  Mr.  H.  S.  Whitelaw 
(No.  54,  p.  32)  claims  that 

"  The  gold  patches  occur  only  where  a  thin  cross-vein  of  quartz, 
2  in.  to  12  in.  thick,  intersects  a  lead-coloured  slate  in  the  immediate 
vicinity  of  a  fault." 

From  one  of  these  pockets,  at  a  depth  of  less  than  100  ft.'  from 
the  surface,  258  oz.  of  gold  were  taken  out  of  a  space  of  1  cub.  ft. 
The   quartz  carrying  the  gold  is  highly  ferruginous. 

The  structure  of  many  alluvial  luiggets  lends  support  to  the 
theory  that  they  were  deposited  from  surface -descending  auri- 
ferous waters. 

Several  Victorian  alluvial  nuggets  examined  by  Prof.  A. 
Liversidge  (No.  32,  p.  260)  enclosed  considoral)le  amounts  of 
ferric-hydroxide,  although  in  many  cases  they  were  apparently 
not  porous,  and  the  hydroxide  of  iron  was  not  visible  at  the 
surface.  The  Latrobe  nugget,  10  oz.  in  weight,  from  the  M'lvor 
goldfield,  is  a  mass  of  reticulating  crystals  of  gold.  The  writer 
believes  that  this  nugget  is  now  prest^rved  in  the  Natural  History 
Museum,  in  London.  Flat  nuggets  with  approximately  parallel 
sides  were  not  uncommon  in  the  alluvial.  Nuggets  of  this  tyrpc  of 
secondary  origin  have  lx»en  dcscrilMMl  in  the  present  paper  from 
the  Georgia   mine,  near  Enoch's  Point.     Professor   A.   T.iversidgo 
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also  described  a  Hat  nugget  fiom  Gippsland,  which,  according  to 
him,  appears  to  have  been  formed  in  a  narrow  fissure. 

Again,  the  nuggetv  gold  found  in  our  quartz  reefs  is  invariably 
of  good  quality,  and  rarely  is  of  less  fineness  than  950.  The 
indicator  gold  of  the  Ballarat  East  goldfield  was  notorious  for 
its  purity — 999.5,  according  to  Professor  Gregory  (No.  18,  p.  44) 
— and  that  from  Wedderburn,  Moliagul,  and  Maryborough  was  of 
greater  average  fineness  than  950.  At  the  last-named  place  the 
indicator  reef  gold  was  always  purer  than  the  normal  reef  gold 
not  associated  with  indicators.  Furthermore,  Dr.  Don's  com- 
prehensive analyses  of  the  gold  obtained  near  the  surface  and 
from  depth  at  Ballarat  and  AValhalla,  in  Victoria,  and  from  other 
Australasian  goldfields,  indicate  that 

"  On  the  whole  the  average  fineness  of  the  gold  in  the  vadose  zone 
is  appreciably  greater  than  in  the  deeper  circulation  in  the  same 
district  "  (No!^  10,  pp.  607,  608). 

This  refining  of  the  gold  in  the  vadose  zone,  of  course,  may  have 
taken  place  after  its  deposition,  but,  considered  in  conjunction 
with  the  mode  of  occurrence,  mineral  associations,  and  the 
character  of  tlie  gold,  it  seems  more  probable  that  it  was  deposited 
in  the  refined  form. 

In  conclusion,  the  writer  is  of  the  opinion  that  the  above- 
mentioned  data  strongly  support  the  theory  that  most  nuggets  in 
reefs,  and  consequently  those  found  in  the  alluvial  in  Victoria, 
have  been  deposited  from  secondary  descending  vadose  solutions. 
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PART  IV.— GENERAL  SUMMARY,  &c. 

1. — General  Summary. 

Highly  folded  marine  sediments  of  Silurian  and  Ordovician 
age  form  the  bed-rocks  of  the  Walhalla-Wood's  Point  belt. 
Silurian  beds  cover  the  whole  of  the  central  geosynclinal  area  of 
the  belt,  while  the  Ordovician  strata  appear  at  the  flanks  in  the 
cores  of  domed  geanticlinal   inliers. 

The  uppermost  beds  of  the  Silurian — the  AValhalla  beds — are 
of  shallow  water  marine  or  estuarino  origin,  and  consist  litho- 
logically  of  grits  and  conglomerates,  with  intercalated  coral  and 
crinoidal  limestones,  feldspathic  sandstones,  and  thin  bedded 
black  shales.  Their  fossil  contents  show  that  their  stratigraphic 
position  is  very  high  in  the  Silurian  series. 

The  Panenka  and  Monograptus  beds  are  rich  in  fossils,  and 
appear  to  be  of  deeper  water  origin.  The  Store  Point-Mount 
Useful  beds  are,  in  the  absence  of  fossil  remains,  provisionally 
included  with  the  Silurian   beds. 

The  Ordovician  beds  consist  for  the  most  part  of  highly-cleaved 
black  slates  rich  in  graptolite  remains. 

The  main  folding  of  these  sediments  occurred  in  Devonian  (?) 
times,  and  was  accompanied  by  extensive  faulting  and  vulcanicity 
and  the  formation  of  the  auriferous  quartz-veins.  The  average 
trend  of  the  sediments  is  N.N.W.  They  bend  round  the  Baw-Baw 
granodiorite  massif,  the  intrusion  of  which  has  probably  caused 
this  curvature. 

As  a  concomitant  of  the  folding  and  faulting  came  the  intrusion 
of  the  dyke  rocks  of  this  belt.  These  dykes  follow  closely  the 
strike  of  the  sediments,  and  are  most  abundant  in  the  central 
geosynclinal  area.  Normally,  the  dykes  are  narrow,  but 
occasionally  they  expand  into  elliptical  intrusions  as  much  as 
300  ft.  wide.  They  form  a  {)etrographic  province  in  which  the 
following  rock-types  are  represented  : — Granophyres,  aplitos, 
quartz  feldspar  ])orphyries,  dioriti^  poqihyrites,  lamprophyres, 
gabbjo  p(nphyrit<'s,  basalt,  hornblende-pvroxene  rocks,  liom- 
blendit<'S,  and  peridotite.     That  these  dykes   arc   consanguineous 
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is  proved  by  the  reinarkiible  similarity  in  their  petrological 
characters,  structural  filatures,  and  metasomatic  alteration. 
Their  age  is  apparently  Devonian,  as  they  arc  overlain  by  the 
Lower  Carboniferous  beds  near  Mansfield,  and  are  intrusive  into 
tlie  uppermost  beds  of  tlie  Silurian. 

The  petrology  of  tliese  dyke  rocks  lias  been  discussed  at  some 
length — firstly,  because  some  of  them  are  new  types  to  Victoria  ; 
secondly,  because  no  detailed  description  of  them  has  been 
attempted  previously  ;  and  thirdly,  because  the  nature  of  the 
metasomatic  alteration  undergone  by  them  is  so  interesting 
and  economically  important. 

Not  one  specimen  collected  in  the  field  was  free  from  meta- 
somatic alteration.  The  following  types  of  alteration  are 
recognizable  :  — 

1.  Regional  alteration,  before  the  intrusions  had  cooled 
sufficiently  to  fracture,  by  mineralizers  released  from  the  magma. 
There  appear  to  be  two  stages  in  this  alteration — 

(a)  A  late  magmatic  stage  characterized  by  the  develop- 
ment of  interstitial  quartz  albite,  orthoclase,  and 
micro  pegmatite.  The  actinolitic  and  tremolitic  out- 
growths to  the  hornblende  crystals  are  probably  formed 
at  this  time. 

(h)  Propylitization  characterized  by  the  formation  of 
abundant  chlorite  and  leucoxene,  and  some  massive 
carbonate,  pyrite,  and  pyrrhotite  and  occasional  epi- 
dote   and   zoisite. 

2.  Hydrothermal  alteration  of  the  wall-rocks  adjoining  the 
veins.  The  effect  of  the  vein-solutions  on  the  wall-rocks  has 
been  intensely  destructive.  All  the  minerals  of  the  propyl i tic 
fades,  with  the  exception  of  apatite  and  some  of  the  quartz,  have 
succumbed  to  the  action  of  the  vein-solutions,  and  have  been 
replaced  by  ubicpiitous  dusty  carbonates,  flakes  of  sericite,  and 
some  albite,  pyrite,  and  leucoxene.  Chemically,  the  percentages 
of  CO 2  and  K.^0  have  been  markedly  increased  and  NaoO  and  HgO 
greatly  reduced,  and  SiO^,  AlgOg,  TiOs,  and  FeO  have  been 
partially  leached. 
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Many  of  the  reefs  within  the  narrow  dykes  appear  to  lie  filling 
contraction  joints.  In  the  dyke  expansions  the  parallelism  of 
the  reefs  with  the  joint-systems  of  the  dykes  and  their  prismatic 
arrangement  suggest  that  the  original  jointing  was  determined 
by  the  contraction  of  the  dykes  during  cooling.  Movement  has 
occurred  along  these  joint-planes  in  many  instances  prior  to  the 
introduction  of  the  quartz — cjj.,  in  the  Morning  Star  and  New 
Loch  Fyne  dykes. 

On  the  other  hand,  many  reefs  within  and  associated  with 
dykes  occui*  in  faults  which  are  quite  independent  of  contraction 
jointing. 

Evidence  is  presented  to  show  that  some  reefs  have  been 
enlarged  by  replacement  of  the  wall -rock  surrounding  cracks  or 
joints,  and  that  in  other  cases  they  are  simply  fissure -fillings.  A 
combination  of  replacement  and  deposition  from  solution  in 
fissures  is  usual  in  most  reefs. 

The  various  theories  usuall\'  propounded  to  explain  the  genesis 
of  the  gold  in  the  quartz-veins  have  been  examined,  and  the  only 
one  that  harmonizes  with  the  facts  is  the  theory  that  the  gold 
came  from  magmatic  sources. 

The  lean  copper  ores  in  certain  basic  and  ultra-basic  rocks 
were  probably  introduced  during  the  propylitic  phase  of  alteration. 

Arsenopyrite,  bournonite,  pyrite,  sphalerite,  tetrahedritc,  and 
galena  are  the  most  prevalent  sulphide  minerals  in  the  veins. 
Quartz  and  carbonates  are  the  usual  gangue  minerals,  but  albite 
and  sericite  are  sometimes  present.  (Juartz,  carbonates,  albite, 
pyrite,  sphalerite,  galena,  and  sometimes  arsenopyrite,  antedate 
the  deposition  of  the  gold  :  the  latter  mineral  is  oft^n  intimately 
admixed  with  bournonite  and  t<^trahedrite.  and  sometimes  with 
arsenopvrite. 

Strur-tural  features  an^  believed  to  be  fur  nion^  important  than 
stratigraphical  zones  in  causing  the  localization  of  the  gold. 
Payably  auriferous  reefs  are  found  in  or  associated  only  with 
dykes  of  dioritic  and  gabbroidal  composition. 

The  main  deposition  of  primary  gold  appears  to  have  l)een 
determined   bv   precipitation   of   the   gold   in    the   ascending   auri- 
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ferous  solutions  by  the  previously-formed  sulphide  minerals — 
pyrito,  sphalerite,  galena,  and  arsenopyrite — and  by  carbon- 
aceous and  other  rock-residues  and  occasionally  by  the  vein 
carbonates. 

Secondary  processes  —  deiludation,  gravity,  solution,  and 
precipitation — have  re-concentrated  the  primary  gold,  forming 
important  shoots  and  pockets  of  gold  within  the  vadose  zone. 

Many  mines  in  this  belt  were  very  rich  near  the  surface,  but 
failed  to  maintain  their  values  in  depth.  Such  enrichment  is 
believed  to  l^e  due  to  the  mechanical  concentration  in  situ  of 
the  gold  released  from  the  former  upward  extensions  of  the 
reefs. 

In  numerous  other  instances  marked  enrichment  occurred  in 
the  auriferous  values  within  and  near  the  base  of  the  vadose  zone. 
The  mode  of  occurrence  and  the  character  of  the  gold  from  the 
enriched  shoots  and  pockets  in  the  lower  part  of  the  vadose 
zone  show  conclusively  that  it  was  deposited  from  descending 
solutions. 

The  walls  of  the  dykes  have  often  afforded  the  readiest  conduits 
for  these  waters,  and  much  of  the  gold  has  been  deposited  at 
points  whore  structural  features — e.g.,  ledges,  faults,  cross- veins, 
&c. — have  checked  their  descent. 

Tn  several  mines  nuggets  of  gold  have  been  found  on  the  dyke 
walls  in  such  a  manner  as  to  leave  no  doubt  whatever  as  to  their 
origin  from  surface  descending  auriferous  waters.  It  is  con- 
tended that  most  gold  nuggets  in  Victoria  have  been  formed  in  a 
similar  manner,  and  evidence  is  adduced  in  support  of  this 
theory. 

Although  secondary  processes  have  caused  considerable  enrich- 
ment in  the  vadose  zone,  all  the  available  evidence  supports  the 
belief  that  the  gold  values  persist  in  depth.  Mines  like  the 
Morning  Star,  New  Ixjoh  Fyne,  Royal  Standard,  and  Eldorado 
are  not  likely  to  prove  as  rich  in  depth  as  near  the  surface,  but 
there  is  no  justification  for  the  theory  that  tlie  reefs  in  these  veins 
will  l>e  unpayable  within  the  primary  zone. 


ON  THE  WALHALLA-WOODS  POINT  AURIFEROUS  BELT.  --^3 


List  of  Publications  Referred  to  in  This  Paper. 

1. — "  Analysis    of    Peridotite  Dyke,  Frenchman's  Gully,  near  Aber- 

feldy."     Ann.  ^ept.  Sec.  Mines  Vic.  for  1907,  p.  63  (190s). 
2. — Baragwanath,   W.,   "  The  Coronation   Gold  Mining  Company, 

Walhalla."      Rec.   Geol.   Surv.    Vic,    vol.   iii.,   part  3,   p.   269 

(1914). 
3. — Baragwanath,  W.,   "  The  Long  Tunnel  and  Adjacent  Mines, 

Walhalla."     Bull.  Geol.  Surv.   Vic,  Xo.  39  (1918). 
4. — Becker,  G.  F.,  "Geology of  the  Comstock  Lode.''     Monograph, 

U.S.  Geol.  Surv.,  vol.  iii.  (1882). 
5. — BowEN,  N.  L.,  "  The  Later  Stages    of    the  Evolution  of    the 

Igneous  Rocks."     Jour.  Geol.,  vol.  xxiii.  (supplement)   (1915). 
6.— Bradford,  W.,  "  The  Pyrenees  Goldfields."      Bull.  GaL  Surv. 

Vic,  Xo.  2  (1903). 
7. — Chapman,    F.,    "  Xewer    Silurian     Kossils   of    Eastern    Victoria, 

Part  I."     Rec  Geol.  Surv.  Vic,  vol.  ii.,  part  1,  p.  67  (1907). 
8.— Chapman,    F.,    "Xewer   Silurian     Fossils   of    Eastern   Victoria, 

Part    II."       Rec    Geol.    Surv.    Vic,   vol.    iii.,    jiart    2,   p.  224 

(1912). 
9. — Chapman,    F.,    "  Xewer    Silurian    Fossils    of   pjastern    Victoria, 

Part    III."      Rec.     Geol.  Surv.    Vic,  vol.   iii.,    part  3.   p.  301 

(1914). 
10. — Don,  J.  R.,  "  The  Genesis  of  Certain  Auriferous  Lodes."     Trans. 

Anier.  Inst.  Min.  Emj.,  vol.  xxvii.,  p.  hiW  (1898). 
11.-  Di'NX,  E.  J.,  "  Reports  on  the  Bendigo  Goldtield."     Spec  Reports 

iJrpt.  Mines    Vic  (1896). 
12. — Dunn,  E.  J.,  "  Mining  and   (Jeological   Xotes  on  the  Walhalla 

and   Wood's  Point  Di.strict."     Bull.  G'-ol.   Surv.    Vic,   Xo.   21, 

p.  8  (1907). 
13.  -Dunn,  E.  J..  "  The  General  Features  of  the  Jamie.son  Goldlield 

and  Some  Mines  between  Jamieson  and  Wood's  Point.  '     Rec. 

Geol.  Surv.    Vic,  vol.  iii.,   part   1,  ]).    11   (1909)- 
14. — Fkldtman.  F.   \{.,   "  The  (ieology   and  Ore  Dej)osits  of  the  Kal- 

Uoorlie-East      Coolgardie    Goldficld."      nn//.     Xo.      60,     p.     91, 

W.  Aus.  Geo/.  Surv.  (1916). 
15.— Fknnkr,  C,  "Physiography  of   the   .Manslii-ld    District."     Proo. 

Roy.  Sac.  Vic,  vol.  xxvi.  (n.s.),  p.  386  (1914). 


-^■i  N.  R.  .lUNNER 

16. — Gregory,  J.  W.,  "  The  Geology  of  the   Berry  Lead  at  Spring 

Hill  and  Central  Leads."     Ihifl.  Geo!.  Surv.  Vic,  No.  1  (1903). 
17. — Gregory,  J.  W.,  "  The  Propylitic  Diorites  and  Associated  Rocks 

of  the  Wood's  Point  Goldliold  "  (appendix  to  0.  A.  L.  White- 
law's    Report    on    the    Wood's   Point  Goldfield).     Mem.  Geol. 

Surv.   Vic,  No.  3.  p.  30  (1905). 
18.— Gregory,  J.  W.,  "  The  Ballarat  East  Goldfield."     Mem.  Geol. 

Sure  Vic,  No.  4,  p.  44  (1907). 
19. — Hall,  T.  S.,  "  The  Geology  of  Castlemaine,  with  a  subdivision 

of  the  Lower  Silurian  Rocks  of  Victoria,  &c."     Proc.  Roy.  Soc. 

Vic,  vol.  vii.   (n.s.),   p.   5.")  (1895). 
20.— Hall,  T.  S.,  "  Reports  on  Graptolites."     Bee  Geol.  Surv.  Vic, 

vol.  i.,  part  4,  p.  266  (1906). 
21. — Harris,   W.  J.,   "  The  Pala?ontological  Sequence  of  the  Lower 

Ordovician    Rocks   in   the   Castlemaine   District."     Proc.   Roy. 

Soc   Vic,  vol.  xxix.  (n.s.),  p.  50  (1916). 
22.— Hart,   T.   S.,   "The  Geology  of  Victorian  Gold   Occurrences." 

Australian  Mining  Standard,  18th  and  25th  Nov.,  2nd  Dec, 

1908. 
23.— Herman,  H.,  "  Report  on  the  Walhalla  Goldfield."      Spec  Reft. 

Depf.  Mines  Vic,  p.  21  (1903). 
24.— HowiTT,    A.    M.,    "The   Maryborough    Goldfield."     Mem.    Geol. 

Surv.  Vic,  No.  11  (1913). 
25. — HowiTT,   A.   W.,   "  Report  on  the  Examination  of  Thin  Slices 

of  Rocks  from  the  Walhalla  Goldfield  "  (Appendix  A.).     Spec 

Rept.  iJept.    Mines  Vic  (1903). 
26.— HuTTON,   F.   W.,   "On  the  Rocks  of  the  Hauraki  Goldfield." 

Au8.  Assoc  Adv.  Sci.,  vol.  i.  (Sydney,  1888),  p.  245  (1889). 
27. — Junner,   N.   R.,   "  The  General    and    Mining  Geology  of    the 

Diamond  Creek  Area."     Proc.  Roy.  Soc.  Vic,  vol.  xxv.  (n.s.), 

p.  323  (1913). 
28. — Junner,   N.   R.,   "  The  Petrology  and  Mining  Geology  of  the 

Country  near  Queenstown."     Proc  Roy.  Soc   Vic,  vol.  xxvii. 

(n.s.)  p.   119  (1914). 
29. — Junner,  N.  R.,  "On    the  Occurrence    of  Igneous  Pcljblcs   in  a 

Conglomerate   of    Upper  Silurian    Age    from    near    Walhalla." 

Pror.  Roy.  Soc   Vic,  vol.  xxvii.  (n.s.),  j).  %M\  (1915). 
30. —  KoNlG-SiiEROER  and  Mullkr,  "  Zeitschrift  fiir  Physikal.  Chem.," 

R.  li.,  I).  509  (1905). 


ON  THE  WALHALLA-WOOD'S  POINT  AURIFEROUS  BELT.  255 

31.— LiNDGREN,  W.,  "  Mineral  Doposits,"  p.  134. 

32. — LivERSiDGE,  A.,  "  On  the  Crystalline  Structure  of  Some  Gold 

Nuggets  from  Victoria,  New  Zealand,  and  Klondyke."     Proc. 

Boy.  Soc.  y.S.W.,  vol.  xxxiv.,  p.  259  (1900). 
33.— Mexnell,  F.  p.,  "  The  Wood's  Point  Dyke,  Victoria,  Australia." 

Geol.  Mafj.,  1902,  p.  392. 
34.— Murray,  R.   A.   F.,  "  Report  on  Geological    Sketch  Map  Sheet 

No.  2,  South-East  Gippsland."     Proj.  Pept.,  Vic.  (ieol.  Surv., 

p.  44  (1878). 
35. — Murray,  R.  A.  F.,   "  The  Geology  and  Physical  Geography  of 

Victoria."     Melbourne,   1887. 
36. — Murray,  R.  A.  F.,  "  Report  on  Welcome  Gully  (near  Daylesford) 

and     Rokewood     Junction,    together     with     Remarks     as     to 

'  Indicators.'  "      (ieol.    Surr.     Vic,    Proj.    Rept.    No.    8,    p.    5 

(1894). 
37. — Murray,  R.   A.    F.,  *'  Report  on  the  Country  between    Wood's 

Point  and  Jamieson."      drol.   Surr.    Vi'-.,  Prog.   Rept.  No.   9, 

p.  43  (1898). 
38. — Pabst,   v.,   "  Geology   of   the   Bendigo   Goldfield  :    Relationship 

between   Major   Strike    Faults    and   Deposition   of    the   Most 

Productive   Reefs  and   Systems   of  Spurs."     Chem.   Emj.   and 

Mining  Review,  5th  July,  1919. 
39.— Phillips,  "Ore  Deposits,"  p.  613. 
40.— PiTTMAN,  E.  F.,  "  The  Mineral  Resources  of  New  South  Wales," 

p    02. 
41. — Selwyn,  .V.  R.  C,  and  Ulrich,  G.  H.  F.,  "  Notes  on  the  Physical 

Geography,   Geology,     and    Mineralogy    of     Victoria,"     1866 

pp.  41  and  42. 
42.— Slmpson,  E.   S.,    and  Girson,  C.   G.,    "  The  Geology    and   Ore 

Deposits    of     Kalgoorlie-East     Coolgardie    Goldlield."       liidl. 

No.  42,   ir.  Aus.  (ieol.  Sure,   1912,  pp.  29  and  126. 
43. — Skeats,  E.  W.,  '*  Notes  on  the  Petrology  of  Some  Igneous  Rocks 

from  the  Wood's  Point  District."     Appendix,  Mem.  Geol.  Surv. 
Vic.,  No.  13,  p.  26  (1916). 
11. — Stillwell,  F.  L.,  "  Gold  Deposition  in  the  Bendigo  Goldfield." 

Hull.  No.  4,   Advisory  Council  of  Science  and   1  nthisinj,    ]frl- 

hourney    1917. 
45. — Stillwell,  K.  L.,  "  Gold  Deposition  in  the  Bendigo  Goldfield." 

Hull.  No.  8,  Advisory  Council    of  Science  and   Industry,   Mel- 

loirney    1917. 


256 


N.  R.  JUNNER 


46. — Stillwell,  F.  L.,  "  Gold  Deposition  in  the  Bendigo  Goldfield." 

Bull.  No.  16,  Advisory  Council  of  Science  and  Industry^  Mel- 
bourne,  1918. 
47. — Taylor,     Griffith,     "  Physiography    of    Eastern    Austraha." 

Comu).  Bureau  Meleoroloyy,  Bull.  No.  8  (1911). 
48. — Thiele,  E.  0.,  "  Notes  on  the  Dolodrook  Serpentine  Area   and 

the   Mount   Wellington   Rhyolites,    North   Gippsland."      Proc, 

Roy.  Soc.  Vic,  vol.  xxi.  (n.s.),  p.  249  (1908). 
49. — Thompson,  H.  A.,  "  The  Formation  of  Mineral  Veins  and  the 

Deposits  of  Metallic  Ores  in  Them."     Trans.  Roy.  Soc.   Vic., 

vol.  viii..  p.  1>28  (1868). 
50. — Turner,  H.  W.,    "  Perknites    (Lime  Magnesia  Rocks)."     Jour. 

Geol.,  vol.  ix.,  p.  507  (1901). 
51. — Von    Inkey,   B.,    "  De   la   Relation   Entre   I'Etat   Propylitique 

des  Roches  Andesitiques  et  Leurs  Filons  Mineraux."      Rept. 

Internal.  Geol.  Congress,  Mexico,  1906. 
52.— Walker,   D.   B.,   "Report  No.   1    on    Neglected    Goldfields." 

Spec.  Repl.  Depl.  Mines,  p.  12  (1894). 
53.— Whitelaw,  H.  S.,   "  Hustler's  Line   of   Reef,   Bendigo."     Bull, 

Ced.  Surv.   Vict.,  No.  33,  p.  47  (1914). 
54.— Whitelaw,  H.  S.,  "  The  Matrix  Reef,  M'Intyre's,  near  Rheola." 

Rec.  Geol.  Surv.  Vic,  vol.  iv.,  part  1,  p.  32  (1917). 
55.— Whitelaw,   0.  A.  L.,   "The  Wood's  Point  Goldfield."     Mem. 

Geol.  Surv.  Vic,  No.  3  (1905). 
56.— Whitelaw,   0.   A.   L.,    "The   Wedderburn   Goldfield."      Mem. 

Ged.  Surv.   Vic,  No.  10  (1911). 
57. — Whitelaw,    0.  A.  L.,   "  The  Topography,   Geology   and   Mines 

of  the  Wood's  Point  District."     Mem.  Geol.  Surv.  Vic,  No.  13 

(1916). 


ON  THE  WALHALLA-WOODS  POINT  AURIFEROUS  BELT.  257 


Explanation  of  Plate  I.  (Map). 

Geological  and  Locality  .Map  of  the  Walhalla-Wood's  Point  auriferous 
belt,  constructed  mainly  from  the  survey  maps  of  .Messrs.  W.  Baragwanath 
and  O.  A.  L.  Whitelaw.  The  Upper  Ordovician  beds  near  Enoch's  Point  are 
not  shown.  The  map  shows  clearly  the  localisation  of  the  dykes  and  chief 
mines  between  the  eastern  and  western  basal  grits  of  the  Walhalla  beds  of 
Upper  Silurian  age. 

Explanation  of  Pl.\tes  II.  to  VIT.  (Microphotographs). 

Fig.  1. — Aplitc  vein  in  Eureka  dyke,  near  Walhalla,  x  l.i  polarized  light, 
showing  stunted  prisms  of  albite  in  a  quartz  base,  laths  of  biotite,  black 
needles  of  ilmenite,  and  speckled  aggregates  of  sericite  after  feldspar. 

Fig.  2. — GranophjTe,  Alabama  dyko,  near  Matlock,  x  20  polarized  light,  showing 
fine  intergrowth  of  quartz  and  feldspar  surrounding  a  large  plagioclase 
crystal. 

Fig.  3. — Sericitized  quartz  feldspar  porphyrj-,  Brohan's  Reef,  near  Abcrfeldy, 
X  15  polarized  light,  showing  a  rounded  phenocryst  of  quartz,  an  irregular- 
shaped  sericitizcd  phenocryst  of  feldspar,  and  a  large  black  crystal  of 
pyrite  having  a  fringe  of  secondary  quartz. 

Fig.  4. — Dioritc  porphyritc,  Hope  adit  level,  Morning  Star  dyko,  showing  pheno- 
crysts  of  hornblende,  including  ilmenite,  flakes  of  biotite,  prisms  of  altered 
feldspar,  and  a  micrographic  intergrowth  of  quartz  and  feldspar. 

Fig.  5. — Specimen  Xo.  229,  gabbro  porphyrite.  Coronation  mine.  Tubal  Cain 
dyke,  x  G  O.L.,  showing  phenocrysts  of  augite,  biotite,  and  plagioclase 
and  black  grains  of  ilmenite. 

E^G.  6. — Specimen  No.  214,  porphyritic  basalt,  lower  adit  level.  Coronation 
mine,  Tubal  Cain  dyke,  x  0  O.L.,  showing  porphyritic  phenocrysts  of 
titaniferous  augite  veined   by  chlorite,   in  a  fine-grained  ground -mass. 

Fig.  7. — Sp<jcimen  No.  178,  hornblende  pyroxene  dyko  rock  (perknite),  I  mile 
east  of  Toombon,  x  16  O.L.,  showing  fibrous  actinolitic  outgrowths  to 
hornblende  and  inclusions  of  colourless  monoclinic  augite. 

Fig.  8. — Hornblende  pyroxene  rock  (perknite),  Kelly's  dj'ke,  near  Walhalla, 
X  16  O.L.,  showing  micropoecilitic  inclusions  of  colourless  augite  in  horn- 
blende. 

Fig.  9. — Hornblende  peridotite,  near  Al)erfeldy,  x  16  O.L.,  siiowing  conccntrio 
and  internal  alteration  of  olivine. 

Fig.  10. — Granophyre,  Alabama  dyke,  near  Matlock,  showing  a  pseudomorph 
of  chlorite  and  carbonate  after  an  idiomorphic  hornblende  crj'stal. 
Leucoxeno  (black)  luvs  boon  partly  concentrated  towards  the  margin  of 
the  hornblende. 

Fig.  11. — New  Loch  Fyno  dyko.  No.  5  atlit  level,  north-west  edge,  x  27  O.L., 
showing  the  veining  and  replacing  of  a  hornblende  crystal  by  ohlohte 
and  earbonatee. 
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Fio.  12.- -Now  lA)(.'h  Fvno  dyke,  north-west  odgo  of  intrusion,  No.  5  adit  level, 
X  23  polari/AHl  light,  showing  the  veining  and  replacing  of  a  feldspar 
phenocfA'St  by  chlorite  (pennino)  along  parallel  lines.  The  black  hexagonal 
inclusron  is  apatite. 

Fig.  13. — Specimen  No.  99,  granophyre,  Ahibama  d3'-ke,  near  Matlock,  x  1."  O.L., 
showing  radiating  and  steUatc  epidote  and  zoisito. 

Fig.  14.— Intensely  altered  (carbonated)  basic  Now  Loch  Fyno  dyke.  No.  5  adit 
level,  X  IT  O.L.,  showing  '' sagenitic "  webs  of  rutile  after  biotite. 
Photo,  by  G.  Swoetmg,  Esq. 

Fig.  15. — X'ein-altcred  lani]>ro]ihyrc  dyke,  Kelly's  Hill  mine,  near  Matlock, 
X  IS  O.L.,  siiowing  an  epimorpli  of  p;yTite  (black)  on  a  crystal  of  leucoxene 
which  replaces  ilmenite. 

Fig.  16. — Hydrothermally-altered  Rose  of  Denmark  dyke  (hornblende  lampror 
phyre),  near  a  quartz-vein,  x  15  O.L.,  showing  idiomorphic  crystals  of 
pyrite  and  arsenopyrite  in  the  sericitized  and  carbonated  rock.  A  veinlet 
of   quartz    intersects  a   pyrite  crystal. 

Fig.  17. — Specimen  No.  223,  quartz-epidote-carbonatc  vein  in  basalt,  Corona- 
tion mine,  Tubal  Cain  dyke,   x   1(>  O.L. 

Fig.  18. — Cop])er- bearing  New  Loch  Fyno  dyke,  No.  5  adit  level,  x  25  O.L., 
showing  corrosion  of  biotite  by  chalcopyrite.  The  ring  of  light-coloured 
mineral  Ijetween  the  chalcopyrite  and  biotite  is  carbonate. 

Fig.  19. — Specimen  No.  Jllo,  auriferous  quartz.  No.  9  intermediate  level,  Al 
mine,  x  15  O.L.,  showing  the  replacement-origin  of  the  quartz.  Skeletons 
of  slate  and  sandstone  are  seen  almost  entirely  replaced  by  granular 
quartz  and  dusty  and  granular  pyrite. 

Fig.  20. — Specimen  No.  JIO,  quartz-vein  from  stopes  above  No.  6  level.  Rose  of 
Denmark  mine,  x  19,  crossed  nicols,  showing  pellucid  crystals  of  albite 
associated  with  quartz  and  ankerite. 

Fio.  21. — Gold  in  ankerite,  stopes  above  220-ft.  level.  Little  Comet  mine, 
x    19  O.L.,  showing  gold  (black)  encrusting  and  veining  the  ankerite. 

Fig  22.— Auriferous  quartz  from  No.  8  level,  A  1  mine,  x  17  reflected  light, 
showing  the  intimate  association  of  the  light-coloured  gold  ("  G  ")  and  the 
black  bournonite  ("13")  and  their  subsequent  origin  to  the  idiomorphic 
quartz-crystals  on   which  they  are  moulded.  ' 

Vvi.  23. — Auriferous  quartz,  850-ft.  level,  A  1  mine,  x  9  rcHectod  light,  showing 
the'  relationship  between  sphalerite  ("  S ")  and  bournonite  ("B"). 
Photo,  by  H.  Smith,  Royal  School  of  Mines,  London. 

Fi»i.  24. — ^^i)ecimcn  No.  lUi,  No.  9  intermediate  level,  A  1  mine,  x  17  O.L., 
Hhowing  i<liomorphic  quartz-crystals  included  in  bournonite  (black). 
A  little  gold  is  admixed  with  the  bournonite. 
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Plate  111.       JUNNER-On  VVai.hai.la-Woods  Point  Auriferous  Belt. 
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JUNNER— On  Walhalla-Woods  Point  Airiferioi-s  Belt.      Plate  IV. 


^/t^/ 


tM 


Fig.  9. 


Fig    10. 


V 

Fig    1 1 


Fig    12 


Plate  V.       JUNNER    On  VValhalla-VVoods  Point  Auriferous  Belt. 


-i:/^^fA-\^m 

'^^w^ 

l^^f 

N««* 

■i'iiSRiS:.-:.-'* 

Fig    13. 


Fig.  14. 


Fig    15 


Fic.  16. 


JUNNER-On  Walhalla-Woods  Point  Alriferous  Belt.      Pi.atk  VI. 
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Fig.  19. 
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Plate  VII.     JUNNER-On  Walhalua-Woods  Point  Auriferous  Belt. 
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TREATMENT  OF  WOLFRAM,  BISMUTH,  AND  MOLYB- 
DENITE ORES  AT  BURMA  QUEENSLAND  CORPORA- 
TION MILL,  WOLFRAM,  N.Q. 

By  W.  H.  Bowater. 

The  old  inill  erected  by  the  Irvinebank  Company  consisted  of 
10  heads  of  stamps  (850  lb.),  rock-breaker,  Hartz  jig,  two  Krupp 
tables,  two  Luhrig  vanners,  three  sand-pumps,  one  mixer,  six 
flotation  vessels,  and  the  necessary  settlers.  Power  was  supplied 
by  a  small  colonial-type  boiler  and  10-in.  x  15-in.  Tangye  engine. 
The  ore  was  carted  from  the  mines  to  the  mill  and  hand-fed  into 
the  rock-breaker,  and  the  broken  product  elevated  into  the 
l)attery  bins  and  fed  into  the  stamps,  the  pulp  from  the  stam.ps 
passing  to  a  classifier,  the  spigot  to  jig,  tables,  and  vanners,  the 
overflow  from  the  classifier  passing  to  settlers.  After  the  removal 
of  bismuth-wolfram  concentrates,  the  pulp  was  pumped  to  the 
molybdenite  flotation  plant  and  the  molybdenite  recovered  by 
flotation. 

A  comm.encement  was  madt^  witii  the  erection  of  the  flrst  unit 
(-0  heads)  of  the  new  mill  in  August,  1017,  ai\d  milling  and  coa- 
«ontrating  commenced  in  February,  1911). 

[Thin  paper  ia  separately  bound,  and   may  be,  if  so  dtiired,  detacbei  cotnpleM  trom 

this  number. J 


2c0  \v.  h.  bowater 

Ore. 

The  ore  is  essentially  quartz,  the  richer  values  occurring  in 
"  lumps  "  and  '*  patches  ''  in  this  quartz.  Between  the  quartz 
and  the  granite  there  is  a  **  transition  "  zone,  through  which  the 
molybdenite  is  more  evenly  distributed.  The  chief  minerals  arc 
molybdenite,  wolfram,  metallic  bismuth,  bismuth  sulphide, 
bismuth  carbonate,  and,  rarely,  a  little  scheelite.  The  wolfram 
is  of  a  very  friable  nature,  and,  as  the  quartz  gangue  is  the  medium 
of  crushing  the  molybdenite,  a  happy  medium  has  to  be  struck 
in  the  size  of  battery  screens,  care  being  taken  to  slime  the 
wolfram  as  little  as  possible  and  to  crush  the  molybdenite  as 
much  as  possible. 

Mill. 

The  ore  from  the  company's  various  mines  is  delivered  by  the 
aerial  ropeway  into  the  off-loading  bin  (see  fig.  1),  passing  from 
this  bin  over  No.  1  grizzly  with  2-in.  openings.  The  oversize 
from  No.  1  grizzly  passes  to  No.  1  jaw  crusher,  set  to  break  at 
2.5  in.,  and  thence  to  No.  2  grizzly  with  1.5  in.  openings.  The 
oversize  from  No.  2  grizzly  passes  to  No.  2  jaw  crusher,  set  to 
break  at  1.5  in.,  then  joins  up  with  the  fines  from  No.  1  grizzly 
and  No.  2  grizzly,  the  whole  then  passing  to  the  intermediate  bin. 

From  the  intermediate  bin  the  ore  is  trammed  to  the  battery 
bins,  side-tipping  trucks  of  one-ton  capacity  being  used.  The  ore 
is  distributed  as  required  for  each  5  heads  of  stamps. 

At  present  the  first  unit  of  20  heads  of  stamps  is  in  commission, 
arranged  in  groups  of  5  to  each  box.  From  the  battery  bins  uhe 
ore  is  automatically  fed  through  Challenge  ore-feeders  to  the 
stamper  boxes.  Stamps  are  of  1250  lb.,  run  at  100  drops  per  min., 
with  from  Gi-n.  to  7-in.  drop.  The  depth  of  overflow  is  approxi- 
mately 10  in.  Woven  wire  screens  are  used  with  aperture  of 
1/10  in.  to  1/12  in.,  the  latter  for  ore  richer  in  molybdenite. 
The  stamp  duty  varies  from  5.5  to  5.8  tons  per  head  per  24  hours. 

The  mortar  boxes  are  set  on  concrete  foundations  with  a  J -in. 
Tublicr  sheet  between  (lie  box  and  concrete.  This  is  found  to  be 
very  effective,  and  nn  trouble  is  experienced  with  mortar  boxes. 
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The   pulp,   passing  from  the   stamper   boxes,   is  automatically 

OffC    PMOM    Mi/fn 

f^o^£-yr/ry  TrRMiN/^t. 

Uf*l  OmDJria  Bif* 

Cr/zzl  y 

Uf*D£lRS/2£         "*"  ~bVelt'&IZt 

^  ♦ 

I     UnocS^/zF'^       Oyfffsizi 

I  * 

]  I  Bi/Vf<rCf*</stf£H 

/NTTft~^eD/^r7-£  ^K>  *~ 

B  ^  rre^Y  3/^s 

CMfli.L£r^C£  ff£0£ft^ 

40  H£f)o  5  T»/yrP£ff  3/frr£/fr 
fluroM ^r/c  Sampj.£/fs 
Mill  U/v/rA'2^^ , ^^_J^M,l^  Unir /YV  orSOHe^oor^J^MP,) 

Sf/COr  Oy£/t£iOrr 

S£rr/.  £/f  s  (3)  S £TrL  £R CO 

Sfcor                            Ovs/trLOvy  Ov£A£iow           Sf>'OOT 

!                          Sem  £/i(o)  S£rTi£Ms<Cfl)       * 

I  S/'/abr  Sv£^£'LOyv    O'v£»fi0rr  S/'/oor        . 

_v ^ ^t«     _». y  ^  ♦. K ♦ vT 

^  y*iLFier  ^AroSu&StT'^Bifs  S£  rrLfn  (£)  HYOf^/tuLic  CL/rsa'^/£^s(/r7'0^oo^ 

I       CO/*C£nT**^T£s      M/DoTifvoS       '^t^LS  SPIOOT  OvfW^i-OW  SflOOT  Ov£lt^LOyif 

-  WH££L£/fP^/VS  _<----^  S£7rL£»s(CB}  \  T 


I     ^  L« ^ 4 —  ^  , _J _,  I  1 

*  .{ff'^Cnouf)  HyofittuLic  Cl  ^ss/^/£/f&         Sp/cot  f>^i      SP'oorf/yv)  Oyzftnorr  \  / 


-^ ui. 


"""Opoufj  HyofiituLic  Cl  pss/^/sah 

j   ,  Serr/.£/f(r)  |  \.N'>iuniT-(S££  f/c2)  i  / 

I  I      Ove/fFt'brf  ~s^^OT  .  I         ^  i 

I     I  '  KfiUffT/^Ol£&  ~7sB£LL    Y^/^f*£AS  ~      /  ' 

*    I  .  CONC£f*T^fir£S      /yj/OOl  //YOsT  T/f/LS     CO^C£fiT^m'7sTm~is  / 

U--.4-1 \ " ■*       S£^?kr7ir^^—^-'        ^-v ^i 

—*■ — ^  » J*^ •* ■•— V     \  S/>/oor    OvrkriovY^,  ^  "J^-t-TT -^C-    ^  I 

Otye^  \       ,       I  t ,Jy^^ ^  ^'^^£^ri.^»sG  I 

I  /         g        3       OvIifsiZ£     '        <r  *■{'*'  ' ■* ■*"*         sri/HTfUBiss  ~*~^i 

1    /nMGr£T>eS£Pif^i^ro/t9  C»nvD£»  ^  \,  r/fjr^~ "ThlioiFs     Hettos  ' 


Sl^MUTff      ^  YYOL  £M/tM        J    /MOIV-Woif^tlM^   ,  ,  ^  ^  J     1 

CoAfCffT^^rtl    Corrcffrm^Tei       Product  J    ~,  Sem^mfJ)  ^  \  . 

W/L£L£rr/taL£  ,„w ^ — >{— r;a»  -^         \ 

.^♦-^  _  f         SP'oor  Ov£PrL  ow         N  *  | 

/yvoLfmmm     /^oM-fte^ioMftOTPL^m/YrUmTl    ^.-.-^  ,-  -^t  ^  v^     \  ,    ' 

Coi»ctffTffHTt     ro-Yriftre^Vi,nf/c2) T'  _rf___       _  ^T  i 

I  li'i  z>rfcoT  ff!  spicor  (57en^tOYf^\  I   T 

t  J  f*'fOuDOC£  I  7^        I 

1  Cof»c/Jvr/f/9re9  ^mom  ,'^  . « .      t  '  4    1 

/  ^  »£MO     MtOOl  £  T^IL  i       \        I  1 

^                     I  uM/^  *e  K/f /f/cz/f       ~*         *f<^  ^  ^  ,-^-!.'*-  -:  r;  -  —  —  ♦-^    . 
T  , ^ '      nrntTiSerue^d^  i 

I  _1''^^:<^^^--^  T     ron%sr£       o)^-^-^ 

-^Cof^ctjrm^fi  M,ooi.  ''^^^_^  Pump*^*c  Sr^r,o^ 


JtfMl   D/f/t 


In;.  1. 

Fr.nw    SlIKKT. 
BlRMA    QrKKNftl.AND   C<Utl'OIl  ATlONs    MllJ,.    W'ul  KItAM.    NoRTII    QUKKNSLANU. 

sampled  before  passing  to  hydraulic  rla«isifiers  (No.  1  group),  ono 
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classifier  for  eacli  5  heads  of  stamps.  The  spigot  (J  in.  dia.)  from 
each  classifier  passes  to  its  settler  (B),  the  overflow  from  each 
classifier  joining  up  and  passing  to  settler  (C),  the  overflow  of 
settler  (C)  being  divided  and  passing  to  two  settlers  (CA). 

The  spigot  (\  in.  dia.)  from  each  settler  (B)  passes  to  Wilfley 
and  Buss  tables,  one  table  to  each  settler.  The  overflow  from 
settlers  (B)  joins  upland  passes  to  a  large  settler  (D),  the  spigot 
(f  in.  dia.)  of  which  passes  to  a  AVilfley  table.  The  overflow  of 
settler  (D)  passes  to  a  still  larger  settler  (E),  the  spigot  (f  in.  dia.) 
of  which  is  sent  to  classifier  No.  2  group  [see  later),  the  overflow 
being  sent  to  the  tailings  launder  of  the  group  of  AVilfley  and 
Buss  tables,  assisting  to  flush  out  this  launder. 

Three  products  are  made  on  the  concentrating  tables — viz., 
bismuth-wolfram  concentrates,  middlings,  and  tailmgs. 

The  bismuth-wolfram  concentrates  assay  30%  to  45  ^q  ^^'^3 
and  5  %  to  7  %  Bi. 

The  middlings  assay  approximately  8%  to  10%  WO  3  and 
5^0  ^l0'^2'  ^^^<^1  contain  a  fair  percentage  of  pyrites. 

The  tailings  contain  .1  %  to  •13%  WO3.  The  percentage  of 
M0S2  var^'ing,  depending  on  the  degree  of  fineness  of  stamping. 

Concentrates. — These  are  sent  to  the  drying  and  magnetic 
separation   room  (see  later). 

Middlings. — These  pass  to  Wheeler  pans,  thence  to  hydraulic 
classifiers  (No.  2  group).  The  spigot  of  these  classifiers  (J  in.  dia.) 
pass  to  Krupp  tables,  producing  bismuth-wolfram  concentrates, 
middlings,  and  tailings.  The  bismuth-wolfram  concentrates  assay 
25  %  to  40  ";,  WO3  and  3  %  to  5  %  Bi,  and  are  sent  to  the  drying 
and  magnetic  separation  room.  The  middlings  from  the  Krupp 
tables  are  elevated  back  to  the  Wilfley  table  dealing  with  the 
spigot  from  settler  (D).  The  overflow  from  each  cliassifier  joins  up 
and  passes  to  a  settler  (F).  The  spigot  (|  in.  dia.)  of  this  settler 
passes  to  an  Isbel  vanner,  producing  bismuth-wolfram  con- 
centrates and  tailings.  The  concentrates,  containing  15%  to 
25  %  WO 3  and  3  %  Uy  4  %  Bi,  are  sent  to  the  drying  and  magnetic 
separation  room.  The  overflow  passes  to  two  settlers  (0).  The 
spigot    and  overflow  of    settlers  (C  and  CA)    also  pass    tu    two 
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classifiers  (Xo.  2  group),  the  spigots  (i  in.  dia.)  of  which  join  up 
and  pass  to  an  Isbel  vanner,  the  overflow  of  the  classifiers  passing 
to  settlers  (G). 

Tailings  from  Wilfley  and  Buss  Tables. — ^These  are  passed  to 
two  settlers  (CB),  the  spigots  of  which  join  up  and  are  sent  to 
the  molybdenite  flotation  plant  (No.  1  sub-unit),  the  overflow 
being  pumped  back  to  the  mill  reservoir. 

Tailings  from  Krupp  and  Vanner  Tables. — These  are  passed  to 
a  settler  (H),  the  spigot  (J  in.  dia.)  of  which  is  passed  to  the  molyb- 
denite flotation  plant  (Xo.  2  sub-unit),  the  overflow  going  to  the 
creek  dam. 

Slimes. — The  spigot  of  settler  (C4)  is  run  to  slime  frames,  pro- 
ducing a  low-grade  concentrate  and  tailings,  the  overflow  going 
to  the  waste  settler  (L).  The  tailings  join  up  with  the  spigot 
of  settler  (H)  and  pass  to  the  molybdenite  flotation  plant 
(No.  2  sub-unit). 

The  spigot  of  settler  (K)  (see  later),  together  with  No.  2  head 
of  the  slime  frame  concentrates,  is  sent  to  a  buddle  (No.  1),  the 
overflow  going  to  waste.  No.  1  head  of  this  buddle,  togethei 
with  No.  1  head  of  the  slime  frame  concentrates,  is  re-treated  in 
No.  2  buddle.  No.  2  head  of  No.  1  buddle  is  re -treated  in  No.  1 
buddle,  and  No.  3  head  is  sent  to  waste.  No.  1  head  of  No.  2 
buddle  is  treated  on  a  Luhrig  vanner  table,  producing  b'-nnith- 
wolfram  concentrates,  middlings,  and  tailings. 

The  concentrates  are  sent  to  the  drying  and  magnetic  separa- 
tion room.  The  middlings  are  returned  to  the  vanners,  and  the 
tailings  sent  to  waste.  No.  2  head  of  No.  2  buddle  is  re-treated 
in  No.  1  ])uddle,  and  No.  3  head  sent  to  waste. 

Treattnent  of  Bismuth-Wolfram  Concentrates  (see  fig.  1). — 
The  bismuth-wolfram  concentrates  are  dried,  sampled,  weighed, 
and  assayed.  They  are  then  sized  into  three  grades  (through 
oU-mesh,  through  l<)-mesh,  and  through  12-mesh)  and  magnetic- 
ally separated.     Any  oversize  is  crushed  and  re-sized. 

Two  magnetic  separators  of  the  Dalbouze  bracket  type  are  at 
present  at  work.  Current  used  is  110  volts  at  11  amps.  The 
product  from  the   separators  consists  of  clean   wolfram  concen- 
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trates  and  a  bismuth  concentrate  containing  the  bismuth, 
together  with  a  little  wolfram.  A  small  amount  of  iron  residue 
is  also  obtained,  which  contains  a  small  percentage  of  wolfram. 
These  residues  are  dressed  on  a  Wilfley  table,  producing  a  fairly- 
high-grade  wolfram  concentrate,  which  is  shipped  with  the  con- 
centrate above. 

The  wolfram  and  bismuth  concentrates  from  the  separators 
are  then  ready  for  shipment. 

Molybdenite  Flotation  Plant  (see  lig.  2). 

This  has  a  complete  unit  for  each  mill  unit.  Each  unit  con- 
sists of  two  sub-units.  No.  1  dealing  with  the  tailings  from  the 
AVilfley  and  Buss  tables  and  No.  2  dealing  with  the  tailings  from 
Krupp  tables,   Isbel  vanners,  and  slime   frames. 

sur-ur^/TN^2  No.   1    Suh-uuit. — ^Tlie 

spigots  from  settlers  (CB) 
are  passed  to  two  settlers 
of  the  cone  type  in  order 
to  be  de -watered  as  much 
as  possible.  The  de- 
watered  pulp  is  passed  to 
a  mixer,  the  stirring 
blades  revolving  175 
r.p.m.,  the  necessary  oil 
required  being  added  in 
this  mixer.  From  the 
mixer  the  pulp  is  fed  to 
distributors  on  No.  1  set 
of  four  flotation  vessels. 
The  dotation  vessel  is  of 
the  cone  type,  with  an 
approximate  diameter  of 
4  ft.  9  in.  and  depth  3  ft. 
3  in.  The  distributor  occupies  J  ft.  11  in.  of  tlu;  centre  of  the 
vessel,  leaving  1  ft.  5  in.  of  the  outer  diameter  of  the  vessel  as 
*'  flotation  area." 
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The  spigots  of  No.  1  set  of  flotation  vessels  pass  to  distributors 
on  No.  2  set,  the  concentrates  passing  to  a  de-waterer.  The 
spigots  of  No.  2  set  are  sent  to  two  large  settlers  (I),  the  liquor 
overflowing  to  the  storage  reservoir,  and  the  "  tails  "  passing  to 
waste,  the  various  *'  overflows "  joining  up  at  this  point  and 
providing  the  necessary  flushing  water.  The  concentrates  from 
No.  2  set  of  flotation  vessels  join  up  with  those  produced  from 
No.  1  set  and  pass  to  the  "  de-waterer." 

The  ovei*flow  from  the  two  cone  settlers  is  passed  to  a  large 
settler  (J),  the  spigot  (J  in.  dia.)  of  which  is  sent  to  No.  2  sub-unit, 
the  overflow  passing  to  a  still  larger  settler  (K)  (see  above). 
This  precaution  is  taken  in  case  of  the  overflowing  of  the  two 
cone  settlers,  in  addition  to  obtaining  a  better  settlement  of  the 
fine  material. 

Xo.  2  Sub-unit. — The  tailings  from  the  Krupp  tables,  Isbel 
vanners,  slime  frames,  and  spigot  of  settler  (J)  are  sent  to  a  large 
settler  (L).  The  spigot  (J  in.  dia.)  is  passed  to  two  cone  settlers, 
the  overflow  going  to  waste. 

The  de-watered  pulp  from  the  cone  settlers  is  then  dealt  with 
as  in  No.  1  sub-unit,  the  feed  from  the  mixer  passing  to  dis- 
tributors on  No.  1  set  of  three  flotation  vessels  and  concentrates 
to  the  de-waterer.  The  spigot  of  No.  1  set  of  flotation  vessels 
passes  distributors  on  No.  2  set,  the  concentrates  joining  up  and 
passing  to  the  de-waterer.  The  spigots  of  No.  2  set  of  flotation 
vessels  join  up  with  the  spigots  of  No.  2  set  of  No.  1  unit,  and 
pass  to  the  settlers  (I).  The  molybdenite  concentrates  also  join 
up  with  that  produced  from  No.  1  sub-unit,  and  together  pass 
to  the  de-waterer. 

The  molybdenite  de-waterer  is  a  rectanguler  box  approximately 
3  ft.  long  by  2  ft.  wide  and  (J  in.  deep.  On  the  bottom  of  the 
box  is  placed  SO-mesh  screening.  The  liquor  carrying  the  concen- 
trates is  led  on  to  the  box,  the  latter  being  given  a  shaking  move- 
ment. The  de-watered  concentrate  is  periodically  removed  from 
the  screen,  the  liquor  and  fine  molybdenite  passing  through  the 
screen  into  a  large  3-compartment  box.  The  fine  molybdenite 
settles  in  this  box,  and  the  liquor  overflows  to  the  storage  reser- 
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voir.  The  line  molybdenite  in  No.  1  compartment  of  this  box 
is  periodically  removed  and  dressed  in  "  kieves  "  to  a  marketable 
concentrate. 

The  fine  molybdenite  in  Xos.  2  and  3  compartments,  together 
with  the  skimmings  from  the  kieves,  are  periodically  returned  to 
the  mixers.  As  much  as  possible  of  the  liquor  is  saved  and 
pumped  from  the  storage  reservoir  to  tanks  above  the  mixers, 
thus  providing  liquor  for  the  mixers  and  "  overflow "  of  the 
flotation  vessels.  Loss  in  liquor  is  provided  for  by  adding  water 
when  necessaiy  to  these  tanks. 

The  de-watered  molybdenite  concentrate  is  dried  and  is  then 
ready  for  market.  The  concentrate  obtained  fiom  the  screen 
assays  85  o/,  to  94  %  MoS^.  The  dressed  concentrate  from  No.  1 
compartment  of  the  '•  box  "  assays  80  %  to  85  %  MoS^,  depending 
on  the  cleanliness  of  the  water  used  in  the  flotation  plant  and 
the  nature  of  the  ore  milled. 

Mill  Water  Supply. 

Wat^r  for  milling  and  concentrating  is  obtained  from  the 
Stony  Creek  dam.  This  is  situated  about  IJ  miles  from  the 
mill,  and  at  present  has  a  capacity  of  approximately  10,000,000 
gals.  A  4-in.  pipe  line  delivers  water  to  the  mill  reservoir,  having 
a  "head"  of  approximately  20  ft.,  from  whence  it  is  drawn  for 
milling.  From  the  outlet  of  the  mill  reservoir  to  the  entrance 
to  the  stamper  boxes  there  is  a  "  head  "  of  5  ft.,  and  to  No.  1  set 
of  classifiers  JO  ft. 

All  overflow  water  is  sent  to  the  mill  creek  dam,  and  after  settle- 
ment is  pumped  back  to  the  mill  reservoir. 

Chemical  Laboratory. 

Mine  samples  are  assayed  iji  iOO-ton  lots  for  WO3,  MoSo,  and    J 
Bi.     Battery   pulp   samples   are   assayed   daily   for   WO3,    MoSg,    I 
and    Bi,  with  an    average  check  sample    at  the    close    of    each    1 
periodical  clcan-up.     This  sample  is  weighed  out  from  the  "  daily 
puJps"   according    to    tonnage   crushed   each   day.      It   is    also 
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assayed  for  WOg,  MoSo,  and  Bi.  The  bismuth-wolfram  con- 
-centrates  from  the  AVilflcy  and  Krupp  tables  and  the  vanners 
arc  assayed  for  AVO3  and  Bi.  Molybdenite  concentrates  are 
assayed  for  MoSo,  with  a  check  for  insoluble.  Separated  wolfram 
or  bismuth  concentrates  are  assayed  for  WO 3  and  Bi.  All 
samples  for  WO  3  are  done  by  the  acid  method.  Mine  and 
battery  pulp  samples  arc  done  colorimetrically  for  both  M0S2 
and  Bi.  Molybdenite  concentrates  are  done  volume trically  for 
M0S2.  Bismuth  in  concentrates  is  done  gravimetrically  from  the 
acid  solution  from  WO 3.  Occasionally  a  gravimetric  check  is 
done  for  MoS.,  and  Bi  in  mine  and  battery  pulp  samples. 

The  following  arc  the  methods  used  in  the  chemical  laboratory  :  — 
Acid  Method  of  Estimation  of  IfOg  in  Concentrafes  and  Ores, 
— It  is  most  important  that  the  ore  be  finely  ground.  Treat 
.5  grm.  of  the  concentrates  with  60  cc.  of  HCL,  having  the 
beaker  covered  with  a  watch-glass.  Digest  from  2i  to  3  hours, 
with  further  additions  of  HCL  as  solution  evaporates  down 
to  small  bulk.  Add  25  cc.  concentrated  HXO3,  and  evaporate 
down  to  about  10  cc.  (It  is  best  not  to  heat  to  dryness,  as  there 
is  danger  of  overheating  the  residue  and  causing  the  tungstic  acid 
to  be  insoluble  in  ammonia.)  Take  up  the  residue  with  oO  cc. 
of  hot  water  and  let  stand  for  about  three  hours.  Filter  and 
wash  well  with  hot  water. 

The  residue  in  the  beaker  is  now  treated  with  about  50  re. 
NH4OH  (1-1),  to  which  1  cc.  of  strong  HCL  has  boon  added. 
Solution  is  filtered  and  washed,  then  transferred  to  a  weighed 
porcelain  dish  and  evaporated  to  dryness.  The  dish  is  then  heated 
(gentlv  at  first)  to  expel  all  NH3  salt,  and  the  residue  weighed  as 

WO3. 

Colorifnetric  Estimation  oj  Bismuth. — Weigh  out  .05  grm.  of 
finely-ground  ore  for  3  ^f,  Bi  or  over,  or  .5  grm.  for  under  ;  transfer 
to  500  cc.  graduated  flask,  add  *25  cc.  HNO3  and  75  cc.  water, 
and  boil  In  minutes ;  cool,  fill  up  to  mark  with  water,  mix 
thoroughly,  and  filter  about  l(K>cc.  into  dry  flask.  Fill  burette 
with  the  solution,  which  is  now  ready  to  compare  with  a  standard 
solution  c)f  bismuth.     Fill  a  similar  burette*  to  the  one  used  with 
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standard  Bi  solution  and  run  exactly  1  cc.  into  50  cc.  Nessler 
tube,  together  with  10  cc.  of  a  10  %  solution  of  KI  and  3  drops 
of  H0SO3.  '^^  ^  second  Xessler  tube  add  10  cc.  KI  solution  and 
3  drops  of  HsjSOa,  and  then  run  in  sample  until  approximately 
the  same  depth  of  yellow  colour  is  obtained  as  is  contained  in  the 
standaid  tube  :  then  read  off  the  burette.  If  this  w^as  5.0  cc, 
and  0.0  grm.  of  ore  had  been  taken,  the  result  would  be  10  % 
bismuth. 

Standard  Bismuth  Solution. — ^Weigh  out  accurately  .025  grm. 
pure  metallic  bismuth  ;  transfer  to  500  cc.  graduated  flask,  add 
25  cc.  HXO3  and  75  cc.  HgO.  Boil  gently  10  minutes,  cool,  make 
up  to  mark  with  H^O,  and  mix  ;  I  cc.  of  this  solution  equals  .00005 
grm.  bismuth. 

Calculation. — ^Divide  the  500  cc.  by  cc.  consumed  of  sample, 
and  multiply  by  value  of  1  cc.  of  standard,  which  in  this  case  is 
equal  to  .00005  grm.  Bi ;  this,  multiplied  by  2000,  will  give  the 
percentage. 

Colorinietric  Estimation  of  Molybdenite. — Weigh  out  1  grm.  of 
the  finely-ground  ore  and  treat  with  Aqua  regia.  The  solution  is 
repeatedly  evaporated  to  small  bulk  with  HNO3,  and  then  con- 
tinuously evaporated  to  a  pasty  consistency.  Add  30  cc.  water 
and  10  cc.  HCL,  warm,  stir  till  clear,  add  15  cc.  NH4OH,  and 
boil  for  a  few  minutes  ;  filter  into  a  250  cc.  flask,  wash  precipitate 
on  filter  with  hot  water,  make  the  solution  just  acid  with  acetic 
acid,  then  add  10  cc.  strong  acetic  acid  in  excess  ;  cool,  make  up 
to  the  mark,  and  mix. 

The  solution  is  now  ready  for  comparison  wntli  a  standard 
ammonium  molybdate  solution. 

Standard  Ammonium  Molybdate  Solution. — Deliver  2  cc.  of 
ordinary  molybdate  solution,  as  used  for  estimating  lead  (9  grm. 
per  litre)  into  250  cc.  graduated  flask,  add  20  cc.  HCL  and  30  cc. 
NH,OH,  and  boil  for  a  few  mii)utes,  to  obtain  approximately  the 
same  conditions  as  in  sample.  Make  just  acid  with  acetic  acid, 
and  add  10  cc.  acetic  acid  in  excess  ;  cool,  make  up  to  mark,  and 
mix.     The  solution  is  no>v  ready  for  roniparisoii  with  tlie  solution. 
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Color  Comparison. — Make  up  a  fresh  solution  of  tannic  acid, 
.5  grm.  to  100  cc,  and  fill  up  a  burette  with  the  standaid,  a  second 
with  the  sample,  a  third  with  tannic  acid  :  run  2  cc.  of  standard 
and  2  cc.  of  tannic  into  a  50  cc.  Nessler  tube  ;  dilute  to  mark  and 
mix  gently.  To  a  second  Nessler  tube  deliver  2  cc.  tannic  acid, 
and  then  run  in  sample  until  the  same  colour  is  obtained. 

Calculation. — The  value  of  the  standard  molybdate  solution  is 
calculated  as  follows  : — The  ordinary  molybdate  solution  is  usually 
standardized  against  .3  grm.  lead  sulphate,  which  consumed, 
say,  20  cc.  of  it ;  .3  grm.  lead  sulphate  is  equal  to  .1581  MoSo  ; 
therefore,  2  cc.  =  .01584:  grm.  MoSo.  This  is  the  total  value  of 
the  250  cc.  kept  as  a  standard.  .01584  -y  125  gives  the  value  of 
2  cc,  the  amount  used  in  the  Nessler  tube  for  comparison — viz., 
.0001207  MoSo  ;  thus,  if  8  cc.  of  sample  prepared  from  1  grm. 
of  ore  were  consumed,  the  result  would  be  .39  per  cent.  MoS^  ; 
2  cc.  is  chosen  as  giving  a  convenient  colour,  and  maintained  as 
far  as  possible  for  convenience  of  memory. 

This  method  is  one  written  by  G.  Spurge,  F.C.S.,  and  is  found 
to  give  good  results  on  low-grade  ores,  battery  "  pulps,"  and 
"  tails." 

Estimation  of  Bismuth  in  Bismnih -]\ olfram  Concentraies. — The 
wolfram  is  estimated  as  formerly  stated.  The  filtrate,  after 
filtering  off  the  tungstic  acid,  is  evaporated  to  a  small  bulk,  and 
ihe  HNO3  expelled  by  additions  of  HCL  and  boiling.  Owing  to 
the  absence  of  Pb  in  the  concentrates,  no  HgSO^  is  required  to 
convert  Pb  into  PbS04.  Dilute  the  solution  and  pass  in  HoS 
to  saturation. 

Bi,  together  with  AS,  Sb,  Mo,  &c.,  if  present,  arc  precipitated 
as  sulphides.  Filter  and  wash  thoroughly  with  hot  watt  1 .  A 
hot  solution  of  KCN  is  then  passed  through  tne  precipitate,  when 
the  impurities  are  dissolved  out,  leaving  the  bismuth  sulphide 
undissolved.  Wash  with  hot  water,  dissolve  in  HNO3  (1-1), 
dilute  a  little,  and  then  boil.  Partially  neutralize  the  solution 
with  NH^CH,  but  without  producing  any  permanent  precipitate, 
and  then  add  a  solution  of  (NHjjj^'^H  i^  ^'^^y  slight  excess. 
Allow  the  solution  to  stand  on  a  hot  plate  for  some  time  until 


-"•^  W.  H.  BOWATER  ON  TREATMENT  OF  ORES. 

the  bismuth  carbonate  has  settled.  Filter  and  wash  with  hot 
water.  Dry  the  precipitate  and  ignite  in  a  weighed  porcelain 
crucible,  first  removmg  the  precipitate  Irom  the  filter  paper, 
which  is  burnt  to  an  ash,  then  adding  the  precipitate.  Ignite  at 
a  low,  red  heat,  cool,  and  weigh  as  Bi^Og. 

Volumetric  Estimation  of  Moh/hydenite. — 1  grm.  of  the  ore  is 
weighed  out  and  treated  with  HNO3  and  a  little  HCL,  the  M0S2 
being  converted  into  molybdic  acid.  The  solution  is  repeatedly 
evaporated  to  small  bulk  with  HNO3,  and  then  continuously 
evaporated  to  a  pasty  consistency. 

The  residue  is  extracted  with  NH4OH,  the  solution  boiled,  then 
filtered,  washing  the  residue  well  with  hot  water.  The  solution 
is  made  up  to  250  cc.  and  mixed  thoroughly  ;  20  cc.  of  standard 
lead  sulphate  solution  (measured  from  burette)  are  taken,  acidified 
with  acetic  acid,  diluted  to  100  cc,  and  boiled.  This  solution  is 
then  titrated  with  the  assay  solution  until  a  faint  yellow  tinge 
is  obtained,  using  tannic  acid  solution  as  indicator  (usual  volu- 
metric method  for  Pb). 

On  the  basis  of  1  grm.  taken,  the  reading  obtained,  less  .2  cc.> 
divided  into  1978.75,  gives  the  percentage  of  MoSg. 

Preparation  of  Standard  Lead  Sulplate. — Weigh  out  7.5  grm. 
of  pure  dry  PbSO^  ;  take  up  with  400  cc.  of  ammonium  acetate 
(slifrhtly  acid  with  acetic),  and  dilute  to  1  litre. 

AVlien  dealing  with  rich  molybdenite  concentrates,  take  40  cc. 
of  PbSO^j  solution  instead  of  20  cc  ;  note  reading,  deduct  .2  cc, 
and  divide  by  2  before  dividing  into  1978.75. 

The  filter  paper  containing  FeSiOo,  &c,  can  be  dried,  ignited, 
and  weighed  as  a  rough  check  against  the  figures.  The  addition 
of  percentage  of  insoluble  and  M0S2  giving  approximately  99  %. 

The  writer,  who  is  mine  and  mill  superintendent  at  Wolfram, 
desires  to  thank  the  following :— Mr.  F.  C.  Newman,  general 
manager,  for  kind  permission  to  publish  the  paper  ;  Mr.  0.  M. 
Williams,  mine  surveyor,  for  the  preparation  of  the  flow  sheets  ; 
and  Mr.  Wm.  Poole,  Sydney,  for  the  revision  of  the  paper  and 
many  valuable  suggestions. 
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MINUTES    OF    MEETINGS. 


of  the  institute. 

Annual  Meeting. 
Melbourne,  21st  March,  1921. 

IN    THE    institute    ROOMS,    48    QUEEN    STREET,    AT    1     P.M. 

Professor  E.  W.  Skeats  (Member  of  Council)  occupied  the  chair. 

The  Secretary  read  the  notice  convening  the  meeting. 

Minutes  of  the  First  Ordinary  Meeting,  1920,  were  read  and 
f'onfirmed. 

The  Repcrt  of  the  Council  and  Balance  Sheet  for  1920  were 
submitted  and  adopted. 

Messrs.  O.xlade  and  Mackie  were  elected  auditors  for  1921  at 
a  remuneration  of  £2  2s. 


iv  mindtes. 

Report  of  Council  for  1920.  ^ 

to  the  members. 

The  Council  has  pleasure  in  submitting  its  report  for  the  past 
year. 

Membership  of  the  Institute  now  totals  G16,  made  up  as 
follows  : — Life  Members,  5  ;  Members,  391  ;  Associate  Members, 
159  ;  Students,  61.  Seventeen  Members,  17  Associate  Members, 
and  8  Students  were  admitted  during  the  year.  Five  members 
resigned,  3  died,  and  3  were  reported  killed  in  action  during  1918. 
Four  Associate  Members  were  transferred  to  the  grade  of  Member. 
The  net  gain  was  therefore  31. 

The  Council  has,  with  deep  regret,  to  record  the  loss  the 
Institute  has  sustained  on  account  of  the  death  of  six  members, 
viz.  : — M.  0.  Copland,  H.  E.  Hammel,  Douglas  Marks,  Philip 
A'Morley  Parker,  W.  F.  Smith,  and  A.  E.  Tandy.  Maurice  Osric 
Copland  (B.M.E.),  Member,  was  Principal  of  the  Ballarat  School 
of  Mines  at  the  time  of  his  death,  which  occurred  on  31st  July, 
1920,  after  a  short  illness.  He  was  a  graduate  of  the  Melbourne 
University,  and  had  practical  experience  in  mining  in  the  Walhalla 
district  (Vic),  on  the  Rand,  and  in  Western  Australia.  Going 
from  the  Kalgoorlie  School  of  Mines  about  four  years  ago,  Mr. 
Copland  took  great  interest  in  experiments  to  test  the  suitability 
of  Victorian  clays  for  the  manufacture  of  white  earthenware. 
He  gave  enthusiastic  assistance  in  the  establishment  of  Repatria- 
tion classes  at  the  Ballarat  School  of  Mines.  Philip  A'Morley 
Parker  (B.C.P].),  Associate  Member,  died  at  Kuala  Lumpur, 
Federated  Malay  States,  on  4th  August,  1920.  He  was  a  graduate 
of  the  Melbourne  University,  and  left  Australia  some  years  ago 
to  occupy  the  position  of  manager  of  the  firm  of  J.  A.  Russell  and 
Co.,  of  Kuala  Lumpur.  He  was  with  that  firm  at  the  time  of  his 
death.  Douglas  G.  Marks,  Student  Member,  was  drowned  at 
Palm  Beach,  Sydney,  on  25th  January,  1920,  in  a  gallant  attempt 
to  rescue  a  bather  in  distress.  He  served  with  distinction  in  the 
Great  War,  and  attained  the  rank  of  Lieut. -Colonel.     Henry  E. 
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Hammel  (Lieut.)  was  reported  killed  in  action  on  22nd  May,  l*Jl.*>. 
He  was  an  Associate  Member  of  the  Institute.  In  1913  he  was 
on  the  staff  of  the  Great  Fitzroy  Mines  Ltd.,  Mount  Chalmers, 
Queensland,  and  later  with  the  Mount  Morgan  Co.  A\*.  F.  Smith 
(Student)  was  reported  killed  in  action  in  1918.  Previous  to 
enlisting  he  was  a  student  of  the  Charters  Towers  School  of  Mines, 
Charters  Towers,  Queensland.  Arthur  E.  Tandy  (Associate 
Member)  was  killed  in  action  in  France  on  2nd  April,  1918.  His 
home  was  at  "  Glen  Rowan,"  Warreemba-road,  Abbotsford,  X.S.W. 

Two  meetings  of  the  Institute  were  held  during  the  year — the 
Annual  Meeting  on  30th  January,  and  the  First  Ordinary  Meeting 
on  17th  December.  Disappointment  was  keenly  felt  on  account 
of  the  Council  being  forced  to  abandon  the  long-looked-for  visit 
to  Port  Pirie  and  Wallaroo  and  Moonta.  Arrangements  for  this 
visit  were  well  in  hand,  but  the  continuance  of  the  regrettable 
strike  at  Broken  Hill  and  the  consequent  cessation  of  operations 
at  Port  Pirie  made  the  visit  impossible. 

The  following  Committees  were  appointed  early  in  the  year  :  — 
An  Executive  Committee,  a  Finance  Committee,  a  Publication 
and  Education  Committee,  a  Branches  Committee,  and  a  Mininf]f 
Managers'  Certificates  Commitree. 

Mr.  J.  M.  Bridge  was  elected  a  member  of  the  Council  on  27th 
February. 

Mr.  W.  G.  Langford,  of  the  Vailala  Oilfields,  Papua,  was 
appointed  local  correspondent  for  Papua  in  June  last. 

Copies  of  the  final  draft  of  the  proposed  Memorandum  and 
Articles  of  Association  were  issued  to  members  on  1st  November, 
together  with  a  ballot  paper,  upon  which  members  were  requested 
to  record  their  votes  for  or  against  the  adoption  of  the  proposed 
new  constitution.  The  resolutions  submitted,  which  were  as 
follow,  were  unanimously  adopted  : — 

1.  That  application  be  made  to  the  Attorney-General  of  the 
State  of  Victoria  for  a  licence  directing  that  the  Institute  be 
reigstered  under  the  "Companies  Act  1915"  of  the  State  of 
Victoria  as  an  As.sociation  not  established  for  profit,  and  if  and 
when  such  hcence  be  obtainod  that  the  Institute  be  incorporated 


▼>  MINUTES. 

under  the  said  "  Companies  Act  1915 "  under  the  name  of 
'*  Australasian  Institute  of  Mining  and  Metallurgy  Incorporated," 
and  that  steps  be  then  taken  to  register  the  Institute  in  each  of 
the  other  States  and  in  the  Dominion  of  New  Zealand. 

2.  That  the  draft  ■Memorandum  of  Association  submitted  to 
the  meeting,  and  for  the  purpose  of  identification  subscribed  by 
the  chairman  thereof,  be  and  the  same  is  hereby  approved  as 
the  Memorandum  of  Association  in  pursuance  of  which  the 
Institute  shall  be  incorporated. 

3.  That  the  Articles  of  Association  contained  in  the  draft 
submitted  to  the  meeting,  and  for  the  purpose  of  identification 
subscribed  by  the  chairman  thereof,  be  and  the  same  are  hereby 
approved  and  that  such  Articles  be  and  they  are  hereby  adopted 
as  the  Articles  of  Association  of  the  Institute  to  the  exclusion 
of  and  in  substitution  for  all  existing  rules  of  the  Institute. 

4.  That  if  any  modifications  or  amendments  be  required  to 
be  made  in  the  said  draft  Memorandum  of  Association  and  draft 
Articles  of  Association  in  order  to  obtain  the  licence  of  the 
Attorney-General  or  in  order  to  comply  with  the  "  Companies 
Act  1915,"  the  Council  of  the  Institute  shall  be  and  they  are 
hereby  expressly  authorized  to  make  such  modifications  or 
amendments. 

Application  for  registration  was  made  forthwith,  and  it  is 
expected  that  a  certificate  of  incorporation  will  be  granted  by 
the  Minister  early  in  1921.  As  soon  as  this  is  received  registration 
in  the  other  States  and  in  New  Zealand  will  be  proceeded  with. 
Under  incorporation  the  Institute's  status  should  be  consider- 
ably improved,  and  its  scope  and  influence  much  extended.  A 
peru.sal  of  the  Memorandum  and  Articles  of  Association  will  show 
that  every  branch  of  the  mining  industry  is  provided  for.  The 
special  provisions  for  the  formation  of  branches  in  every  mining 
centre  should  be  welcomed,  as  there  is  ample  scope  for  further 
extension  and  u.seful  work — not  only  in  the  various  metalliferous 
districts,  but  in  the  coal-mining  centres  of  Australasia. 

The  Institute  of  Science  and  Industry  notified  the  Australasian 
Institute  of  Mining  and  Metallurgy  during  the  year  that  it  would 
be  pleased  t^)  arrange  for  the  mining  industry  to  ])o  represented 
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on  any  committees  in  which  members  of  the  Australasian  Institute 
of  Mining  and  Metallurgy  are  particularly  interested. 

The  fund  inaugurated  by  Mr.  J.  W.  Sutherland  last  year  for 
the  purpose  of  encouraging  students  in  mining  and  metallurgy 
by  means  of  prizes  or  medals  or  for  helping  to  forward  any  of  the 
objects  of  the  Institute  was  increased  by  £100  during  the  year 
1920  through  the  generosity  of  Messrs.  G.  H.  Blakemore  and 
W.  E.  AVain Wright,  each  of  whom  donated  £50.  A  decision  in 
regard  to  the  allocation  of  this  fund  will  shortly  be  made. 

At  the  invitation  of  the  Melbourne  University,  Mr.  G.  C.  Klug 
was  appointed  to  represent  the  Institute  on  the  Engineering 
Faculty  of  the  University. 

The  Institute  Employment  Register  was  considerably  extended 
during  the  year,  and,  with  the  co-operation  of  mining  companies, 
this  department  should  be  of  practical  assistance  not  only  to 
members  but  to  companies. 

The  Institute  accepted  the  invitation  of  the  Royal  College  of 
Science  and  Technology  to  represent  that  body  in  Australasia  in 
the  matter  of  Freche\alle  Research  Fellowships  of  the  Royal 
School  of  Mines,  London.  Members  of  the  Institute  and  lecturers 
at  Universities  and  Schools  of  Mines  were  accordingly  supplied 
with  full  particulars  regarding  these  fellowships.  The  Council 
has  now  pleasure  in  reporting  that  Mr.  J.  A.  Dunn  (B.Sc,  Melb.), 
a  Student  Member  of  the  Institute,  was  appointed  a  Frecheville 
Fellow  during  the  year  for  research  work  in  connection  with  the 
relation  existing  between  country  rocks  and  enclosed  deposits. 

A  Government  Bill  for  the  registration  of  architects  was  sub- 
mitted to  the  Victorian  Legislative  Assembly  in  August  last,  and 
steps  were  taken  by  the  Council  to  have  certain  amendments 
made  to  the  measure  to  safeguard  the  rights  of  members  of  the 
Institute. 

The  establishment  of  a  register  of  mining  engineers,  duly  qualified 
to  practise  as  such,  is  one  of  the  objects  of  the  Institute  under 
its  new  constitution.  This  subject  received  consideration  during 
the  year,  and  it  is  expected  that  progress  will  shortly  be  made 
in  this  matt^'r  in  co-operatifni  with  the  Institution  of  Engineers. 
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The  question  of  federation  with  the  recently-formed  Institution 
of  Engineers  of  Australia  is  under  consideration,  and  in  connec- 
tion therewitli  a  suggestion  has  recently  been  brought  under  the 
notice  of  the  Council  by  the  Institution  of  Engineers.  Briefly, 
the  proposal  is  for  the  formation  of  an  Engineering  Council  com- 
posed of  representatives  of  Australasian  technical  associations, 
such  as  the  Australasian  Institute  of  Mining  and  Metallurgy,  the 
Institute  of  Engineers  of  Australia,  and  the  Australian  Chemical 
Institute.  The  Council  has  expressed  itself  in  favour  of  some 
such  scheme,  and  has  suggested  that  a  conference  be  convened 
to  consider  the  matter. 

The  standardization  of  examinations  for  mining  managers' 
certificates  in  the  various  Australasian  States  has  been  considered 
by  the  Mining  Managers'  Certificates  Committee,  and  the  request 
has  been  made  to  the  Premier  of  Victoria  that  he  submit  the 
suggestion  to  the  next  conference  of  Premiers  that  an  inter-State 
conference  of  Chief  Inspectors  of  Mines  be  held  with  a  view  to 
drafting  a  Bill  to  provide  for  uniform  standards  of  examination 
for  minmg  managers'  certificates  and  for  reciprocity  between 
the  States. 

Representatives  of  the  Institute  were  appointed,  in  October 
last,  on  the  Council  of  the  Hobart  meeting  of  the  Australasian 
Association  for  the  Advancement  of  Science. 

A  proposal  was  submitted  to  the  Council  during  the  year  that 
provision  be  made  for  the  admission  to  the  Institute,  as  Members 
or  Associate  Members,  of  persons  occupying  the  position  of  mining 
or  metallurgical  accountants  of  large  corporations.  The  question 
has  l>een  submitted  to  members  of  Council  for  ballot. 

The  possibility  of  the  introduction  of  legislation  into  Australia 
providing  for  the  withdrawal  from  use  of  reciprocating  rock-drills 
was  brought  under  the  notice  of  the  Council  by  the  Broken  Hill 
Branch.  The  Council  resolved  that  steps  be  taken  to  oppose  any 
legislation  that  may  be  contemplated  which  would  debar  the 
management  of  mines  from  using  their  own  judgment  in  the 
selection  and  use  of  any  drill,  provided  the  desired  results  were 
achieved. 
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Steps  were  taken  during  the  year  to  suppress  the  publication 
and  issue  of  statements  concerning  the  values  of  ore  reserves  which 
were  considered  to  be  misleading.  In  the  matter  the  Council 
secured  the  co-operation  of  the  Australian  Mines  and  Metals 
Association. 

During  the  visit  of  the  Prince  of  "Wales  to  Australia  an  address 

of  welcome,  on  behalf  of  the  Institute,  was  presented  to  His  Royal 

Highness  ;  and  the  following  acknowledgment,  on  behalf  of  the 

Prince,  was  subsequently  received  : — 

Melbourne, 

2Qth  May,  1920. 
The  President, 

AUSTRALASIAN  INSTITUTE  OF  MINING  AND  METALLURGY. 
Sm, 

I  am  directed  by  the  Prince  of  Wales  to  convey  to  you  his  sincere  thanks 
for  the  loyal  address  of  welcome  presented  by  you  yesterday  on  behalf  of  the 
Australasian  Institute  of  Mining  and  Metallurgy.  His  Royal  Highness  is  very 
sensible  of  the  important  service  done  by  the  mining  engineers  and  metallurgists 
of  the  British  Empire,  and  knows  that  they  have  played  an  important  part  in 
developing  the  mineral  wealth  of  Australia.  He  thanks  you  for  your  good 
wishes,  and  will  be  happy  to  convey  your  assurances  of  devotion  to  His  Majesty 

the  King. 

I  am, 

Your  obedient  servant, 

(Sgd.)     E.    W.    M.    GRIGG, 
Lieut-Colonel, 
Secretary  to  H.R.H.  the  Prince  of  Wales. 
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MINUTES.  xii» 

OF    THE    COUNCIL. 


February  28th,  1921 — 1  p.m.     (Special  Meeting). 

A  letter  was  submitted  from  the  Solicitors  (Messrs.  Blake  and 
Riggall),  intimating  that  the  Minister,  Crown  Law  Department, 
would  be  prepared  to  issue  a  certificate  of  incorporation  subject 
to  the  following  amendment  to  Clause  4  of  the  Memorandum  of 
Association  : — 

"  In   Clause  4    of   the    Memorandum   of   Association    delete   the 

words  '  Provided  that  nothing for  distinguished 

services'  and  in  lieu  thereof  substitute  '  Provided  that 
nothing  herein  cont:iined  shall  prevent  the  payment  in  good 
fai£h  of  remuneration  to  any  officers  or  servants  of  the 
Institute  or  other  person  not  being  a  member  of  the 
Institute  in  return  for  any  services  actually  rendered  to 
the  Institute'." 
Resolved  that  the  alterations  required  by  the  Crown  Law  Depart- 
ment be  accepted. 

OF    THE    EXECUTIVE    COMMITTEE. 

(Summary) 

February  14th,  1921 — 1  p.m. 

Professor  R.  W.  Chapman  (President)  occupied  the  chair. 

Minutes  of  previous   meeting  were  read  and  confirmed. 

The  Secretary's  Report  was  presented,  and  showed  that  receipts 
since  last  meeting  were  £76  15s.  6d,  and  for  1920  £1190. 

Accounts  to  the  amount  of  £18,  including  Petty  Cash  advance 
1921  (£10),  were  passed  for  payment. 

Instructions  were  given  in  regard  to  signatures  for  cheques 
drawn  on  the  Institute's  account. 

The  Finance  Committee  was  requested  to  report  on  the  whole 
question  of  Finance,  Securities,  etc. 

L<*avc  of  absence  from  Council  meetings  was  granted  to  Mr.  11.  • 
IL'rman  to  enable  him  to  visit  Great  Britain  and   Europe. 


X'V  MINUTES. 

Nomination  of  Mr.  James  Conway  of  the  State  Coal  Mine, 
Bowen,  Queensland,  as  a  member,  was  approved  for  ballot. 

Resignation  of  Mr.  John  Cunningham  was  accepted. 

The  Report  of  the  Publication  Committee  approving  of  the 
publication  of  a  paper  by  Mr.  W.  H.  Bowater  entitled  "  Treat- 
ment of  Wolfram,  Bismuth  and  Molybdenite  Ores  at  Burma- 
Queensland  Corporation  Mill,  AVolfram,  N.Q.,"  was  adopted. 

Mr.  H.  W.  Gartrell,  Adelaide  University,  was  appointed  Local 
Correspondent  for  South  AustraUa. 

Allocation  of  Donation  Fund  was  referred  to  the  Publication 
and  Education  Committee  for  report. 

A  letter  was  read  from  the  Institution  of  Engineers  of  Australia 
enclosing  copy  of  a  paragraph  which  appeared  in  the  "  Chemical 
Engineering  and  Mining  Journal  "  of  5th  December,  1920,  sug- 
gesting the  formation  of  a  Federal  Council  composed  of  repre- 
sentatives of  the  Institution  of  Engineers,  the  Australasian 
Institute  of  Mining  and  Metallurgy  and  the  Australian  Chemical 
Institute.     After  discussion  it  was  resolved: — 

'*  That  the  Institution  of    Engineers   be  informed  that  the  Aus- 
tralian Institute    of   M.   &  M.  is  fully  in    accord    with   the 
views  expressed  in  the  paragraph  referred  to  and  is  prepared 
to  appoint  delegates  to  attend  a  conference  on  the  subject 
convened  by  the  Institution  of  Engineers  when  the  time  is 
opportune." 
A   sub-committee,    consisting    of    Messrs.    G.     C.    Klug,    Colin 
Eraser,  and  A.  S.  Kenyon  was  appointed  to  deal  with  the  draft 
Bill  providing   for  the    Registration  of  Engineers  when  received 
from  the  Institution  of  Engineers,  and  authorised  to  call  a  Special 
Meeting  of  the  Council  if  necessary  to  consider  the  question. 

A  record  of  the  votes  of  members  of  Council  on  the  question 
of  the  admission  of  Mining  Accountants  as  Members,  etc.,  was 
submitted  and  showed  that  the  majority  was  against  such 
admission. 

Consideration  of  the  date  and  locality  of  the  First  Ordinary 
Meeting,  1921,  was  postponerl. 

Resolved  that  a  copy  of  the  "Mineral  Industry"  bo  purchased. 


MINUTES.  XV 

The  nomination  of  Messrs.  R.  C.  Sticht  and  G.  C.  Klug  to 
represent  Mining  and  Metallurgy  on  the  Committee  of  Science  and 
Research  under  the  auspices  of  the  Australasian  Association  for 
the  Advancement  of  Science  was  approved. 

Mr.  D.  L.  Stirling  was  appointed  Secretary,  in  accordance 
with  Article  54  of  the  Memorandum  and  Articles  of  Association. 

Mr.  A.  S.  Kenyon  was  appointed  Hon.  Treasurer,  as  provided 
bv  Article  56. 


March  14th,  1921 — 7  p.m. 

Minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  Secretary's  Report  was  presented  and  showed  that  receipts 
since  last  meeting  were — Subscriptions  £159  9s.  8d.,  Sales  £1. 

Accounts  to  the  amount  of  £101  were  passed  for  payment. 

Nomination  of  Dr.  F.  L.  Stilhvell  as  a  Member  was  approved. 

The  Chairman  declared  the  following  elected  to  the  Institute 
by  ballot  of  Members  of  Council :. — As  Members — Messrs.  William 
Ernest  Barrow,  William  Henry  Charles  Chappie,  William  Xelson 
Cranz,  Loftus  Hills,  George  Alan  More,  and  Percy  Rawlings 
Osborne  ;  as  Associate  Members — Messrs.  Eric  E.  G.  Boyd,  John 
Alexander  Dunn,  W^illiara  Gray,  John  Noall,  Frederick  Valentine 
Ramsden  and  Charles  G.  L.  Thompson. 

The  names  of  members  whose  subscriptions  were  in  arrears 
were  removed  from  the  register  in  accordance  with  Article  33. 

A  suggestion  was  submitted  that  a  new  style  of  nomination 
form  be  adopted.  The  suggestion  was  referred  to  a  Sub- 
Committee. 

A  report  on  the  subject  of  drilling  machines  in  use  in  South 
Africa  was  referred  to  the  Secretary  of  the  Broken  Hill  Brancii. 

It  was  resolved  that  the  Sydney  Branch  be  communicated  with 
in  regard  to  the  possibility  of  holding  the  First  Ordinary  Meeting 
1921  at  Sydney  and  Port  Kembla. 

A  draft  of  the  Annual  Report  of  the  Council  for  192^  was 
submitted  and,  after  revision,  was  approved. 


XVI  NOTICES. 


NOTICES. 


The  rooms  of  the   Institute  are  open    from  9  a.m.    to  5  p.m.    daily,  except  Sundays  an 
Public  Holiays. 


MEMBERSHIP. 

Since   the  last  issue  of    Proceedings,   the  following  have    been 
admitted  to  the  Institute  : — 

Members. 

Navics  and  Addrt'taes. 

Barron,  William  Ernest,  Rhodesir.  Broken  Hill  Development  Co. 

Ltd.,  Broken  Hill,   N.  Rhodesia. 
CaAPPLE,    William    Henry    Charles,  Great    Cobar   Ltd.,    Cobar, 

N.S.W\ 
Conway,  .James,  State  Coal  Mine,  Bowen,  Q. 
Cranz,  William    Nelson,    Broken   Hill    Proprietary   Ltd.,  Broken 

Hill,  N.S.W. 
Hills,  Loftus,  Geological  Survey  Office,  Launceston,  Tas. 
More,    George     Alan,     c/o    Messrs.    Sime,    Darby    &    Co.    Ltd., 

Singapore,  Fed.  Malay  States. 
Osborne,  Percy  Rawlings,  Port  Moresby,  Papua. 

Associate  Members. 

Boyd,  Eric  Ewart  Gladstone,  c/o  Zinc  Corporation  Ltd.,  Broken 

Hill,  N.S.W. 
Dunn,    John    Alexander,    c/o    Imperial    College    of    Science    and 

Technology,   South  Kensington,  London,  S.W.7. 
Gray,  William,  r/o  Anglo-Persian  Oil  Co.  Ltd.,  c/o  Whitten  Bros., 

Port  Moresby,  Papua. 
NoALL,  John,  c/o  Pahang  Consolidated  Co.  Ltd.,    Sungei    L3mbing, 

Kiuntan,  Singapore,   Fed.  Malay  States. 
Ramsden,    Frederick    Valentine,  c/o    J.    W.    Dudgeon,    Scottish 

House,   Wilham  Street,  Melbourne,  Vic. 
Tho-MPSON,  Charles  George  Lanfear,  New  Guinea  Copper  Mines 

Ltd.,  Port  Moresby,  Papua. 
Appli<"ations  for  admission  to  the  Institute  have  been  received 
from    the    following  :— As     Members— Hector  John  Harrlson, 
650    Cliapple    Street,    Broken    Hill,    N.S.W. ;     Frank    Leslie 
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Stillwell,  d.sc,  c/o  Bendigo  Amalgamated  Goldfields  N.L., 
Bendigo,  Vic.  As  Associate  Member — John  Lemon  Sampson, 
c/o   Broken  Hill  Associated  Smelters  Ltd.,  Port  Pirie,  S.A. 

LIST    OF    MEMBERS. 

A  list  of  members  is  included  in  this  number.  Members  are 
requested  to  promptly  notify  the  Secretary  of  any  changes  of 
addresses. 

INCORPORATION. 

The    Registrar-General    has     signified     his    approval  of     the 

Memorandum    and    Articles    of    Association,    and    will  issue    a 

certificate    of    incorporation    early    in    April.     A    copy  of    the 

Memorandum  and  Articles  of  Association  is  attached  to  this 
issue. 

LOCAL    CORRESPONDENT. 

Mr.  H.  \\.  Gartnell  (Member)  of  the  University,  Adelaide,  S.A., 
has  been  appointed  Local  Correspondent  for  South  Australia. 

DONATION. 

Mr.  IL  H.  Schlapp  (Member)  }.Ielbourne,  has  kindly  donated 
the  following  pubhcations  to  the  Listitute,  viz.,  Transactions, 
American  Institute  of  Mining  and  Metallurgical  Engineers,  vols. 
2G  to   ()2. 

MOVEMENTS    OF    MEMBERS. 

A.  D.  Combe  has  received  an  appointment  as  Assistant 
<^Jeologist  in  Uganda,  British  East  Africa,  and  recently  left 
Australia  to  take  over  his  new  duties. 

G.  D.  Delprat,  member  of  Council  and  Past  President,  who 
has  been  General  Manager  of  the  Broken  Hill  Proprietary  Co. 
Ltd.  since  1898,  has  resigned,  and  is  now  consulting  Engineer 
to  that  company. 

Clem.  A.  Hack,  of  Melbourne,  is  on  a  visit  to  the  United 
states  of  America. 

John  Joice,  late  of  Southern  Cross,  W.A.,  has  been  appointed 
Assistant  Manager  of  the  Raub  Australian  G.M.  Co.  Ltd..  Raub, 
Pahang,  Fed.  Malay  States. 


*^"i  KOTICES. 

W.  J.  Lakeland  (Capt.)  has  returned  to  Ballarat  (Vic.)  after 
serving  with  distinction  in  the  great  war.  Prior  to  enlisting,  he 
was  with  the  Burma  Mines  Ltd. 

EssiNGTOX  Lewis  has  been  appointed  General  Manager  of 
the  Broken  Hill  Proprietary  Co.  Ltd.  in  place  of  Mr.  G.  D. 
Delprat,  who  recently  resigned. 

Cyril  B.  Marry  at  is  on  the  staff  of  the  National  Physical 
Laboratory,  Teddington,  Middlesex,  England.  He  left  Australia 
on  active  service  in  1916.  Later  he  was  declared  medically 
unfit,  and  was  discharged  to  take  up  Scientific  and  Industrial 
Research  work  (under  Australian  munition  workers)  at  the 
National  Physical  Laboratory  as  junior  volunteer  assistant. 

M.  R.  Mc^sIeown  has  been  appointed  manager  of  the  New 
Gulgong  Deep  Lead  G.M.  Co.  He  was  formerly  at  Vegetable 
Creek,  N.S.W. 

Professor  E.  W.  Skeats,  d.sc.  (Member  of  Council)  has 
returned  to  Melbourne  from  a  visit  to  Great  Britain  and 
America. 

Owen  B.  Williams,  late  of  the  Block  10  Mine,  Broken  Hill, 
is  now  General  Manager  of  the  North  Mount  Farrell  Co.  Ltd., 
Tullah,  Tas. 

F.  G.  Wilson  has  been  appointed  General  Manager  of  the 
Austral  Siamese  Company's  works  at  Sutherland's  Water,  N.S.W. 

R.  J.  Winters,  late  of  Newtown,  Sydney,  N.S.W.,  has  been 
appointed  Geologist  to  the  Protectorate  of  Uganda,  British  East 
Africa.  His  address  is — c/o  Government  Geologist,  Entebbe, 
Uganda,  British  East  Africa. 
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LIST    OF    PUBLICATIONS    ADDED    TO    THE    LIBRARY 
From  31st  December.  1920  to  31st  March,  1921. 


monthly  - 

weekly 

weekly 

weekly 

weekly 

nioinliiy  - 

weekly 

weekly 

luonililv  - 


Australian  Minini,^  ^nd  Enu'ineering  Review 

Industrial  Australian  &  Mining  Standard - 

Engineering  and  Mining  tlournal  - 

Iron  and  Coal  Trades  Review 

Mining  and  Engineering  World 

Mining  .Mai,'azine 

Indian  Engineering 

Chemical  News      -  .  -  - 

South  African  Engineering 

Journal  of    Industrial    and    Engineering 

Chemistry  -  -  -     monthly   - 

Society  of  Chemical  Industry  :  Journal       -     bi-monthly 
Chemical.  Metallurgical  and  Mining  Society 

of  South  Africa  :  Journal       -  -     monthly  - 

Franklin  Institute  :  Journal  -  -     bi-monthly 

Institution  of  Mechanical  Engineers  :  tJournal     montlily 
Chamber  of  Mines  of   Western  Australia  : 

Journal  ...  -    quarterly  - 

The  West  Australian  Mming,  Building  and 

Engineering  Journal  -  -  -      weekly 

Queensland  Deiiartment  of  Mines  : 

Government  Mining  Journal  -  -     monthly  - 

Transvaal  Chamber  of  Mines  : 

Monthly  Analysis  of  Gold  Production 
Rhodesia   ('hamber  of   Mines  : 

Report  of  Executive  -  -  -      monthly  - 

Institute  of  Science  and  Industry  : 

[{eport  on  Compulsory  Adoption  of  Metric  System 
in  the  United  Kingdom 
Department  of  Mines,  V'icioria  : 

Tieological  Survey,  Bulletin  No.   1;]      - 
Department  of  Mines,  New  South  Wales  : 

Records  of  the  (ieological  Survey,  Vol.  IX..  Pnrt  2 
Royal  Society  of  New  South  Wak's  : 

Journal  and  Proceedings,  Vol.  LI  1 1.  - 


Melbourne 

Melbourne 

New  York 

London 

Chicago 

London 

Calcutta 

London 

London 

Easton,  Pa. 
London 

Johannesburg 

Philadelphia 

LiMnion 


Kalgoorlie 


Perth 

Brisbane 

Johannesburg 

Bnlawayo 

Melbourne 

Mi  n...urnc 
Sydney 
Svdue? 
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Government  Geologist,  West  Australia  : 

Bulletin,  No.  83         -  -  - 

Department  of  Mines,  Tasmania  : 

Report   on   the   Investii^ation  of  the   Tin   13earincr 
Ores  of  the  Renison  Bell  District    • 
Royal  Society  of  Tasmania  : 

Papers  and  Troceedings,  Vol.  XLIV. 
New  Zealand  Journal  ot  Science  and  Technolosry  : 

The   Tangaraka   CoalHeld,    North  Taranaki,  hy  P. 

G.  Morgan. 
Geological   Features   Disclosed  by   Excavations  at 
the   Proposed    Dam    Site  at  Arapuni,  by  J.  S. 
Henderson. 
Avoca    or   Whatarama    District — Mount    Torlesse 
Colleries,  &c.,  by  P.  G.  Morgan      - 
Institution  of  Mining  and  Metallurgy  : 

Bulletins,  Nos.  105-197  - 
In3tituti(m  of  Mining  Engineers  : 

Transactions,  Vol.  LIX.,  Part  0  - 

Geological  Society  : 

Quarterly  Journal  Nos.  302  and  303  - 
Geologists'  Association  : 

Proceedings,  Vol.  XXXI.,  Part  4,  Vol.  XXXIII., 
Part  1        -  -  -  - 

Institute  of  Chemistry  of  Great  Britain  and  Ireland  : 

Proceedings,  Vol.  VI.,  Part  1. 
Iron  and  Steel  Institute  : 

Journal,  Vol.  CI.,  No.  1,  CII.,  No.  II. 
Geological  Survey  of  Great  Britain  : 

Memoirs,  1'J19 
Royal  Dublin  Society  : 

Economic  Proceedings,  Vol.  II  ,  No.  15 
Stientilic   Procee.lings,   Vol.  XV.,   No.   49,   Vol. 
XVI  ,  Ncs    1-13     -  -  - 

Annales  des  Mines  : 

Vol.  X.,  Parts  0-12  - 
Societi  Geologica  Italiano  : 

Bulletm,  Vol.  XXXVIX.,  Parts  1  and  2 
Geological  Survey  of  InJia  : 

Records,  Vol.  LI.,   Part  2       -  - 


Perth 

Hobart 

Hobart 


Wellington 


London 
London 
London 

London 
London 
London 
London 

I 

Dublin 

Paris 

Rome 

Calcutta 
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Department  of  Mines,  Canada  : 

Annual  Report  1920,  Parts  I.,  IV.  and  VI. 

Bulletin,  No.  32 

Report  on  Road  Materials  along  St.  Lawrence  Road 

The  Production  of  Iron  and  Steel  in  Canada,  1919 

Phosphate  in  Canada 
United  States  Geological  Survey  : 

Mineral  Resources — 1915,  Part  1,  Nos.  1-28,  Part 
II,  Nos.  18-d5;  1916,  Part  L  Nos  1-23,  Part 
11.  Nos.  1-36  ;  1917,  t^art  1,  Nos.  1-29,  Part 
II,  Nos.  1-23;  1918,  Part  J,  Nos.  1-28,  Part 
II,  Nos.  U-34  :  1919,  Part  1,  Nos.  1-5,  Part 
II,  Nos.  1-3 

Water  Supply  Papers— Nos.  361,  362,  380-382, 
389-391,  394,  396,  400-404,  406-410,  412-415, 
417-421.  423-426,  428,  430-435,438,439,441, 
445,  448,  450-452,  454,  45s,  474,  494. 

Bulletins— Nos.  567,  620,  623-625,  637,  639, 
640F1IJKL,  641  G-L,  642,  644,  647,  64S, 
650,651,  654-58,660  A-HJ,  661  A-EGHI, 
662,  663,  665-67,  670-72,  681,  684,  690  A-E, 
691  A-1)U,  092,  694-96,  699-701,  710  CDFG, 
711  EFH,  715  A-F   716  A-C. 

Professional  Papers— 93,  94,  96,  98  LOR  ST,  99, 
lul,  105.  106,  108  ABCH.JI,  111,  115-119, 
120  BDEFGIIK,  125  CD,  128  A D. 

Minora!  Resources— 1914,  1915,  1916,  1919. 

Annual  Ueport  of  Director — 1916-1919 
American     Institute     of     Mining     and     Metallurgical 
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(33)  Transactions,  Am.  Soc,  C.E.,  New  Y'ork 

City. 

(34)  Bulletins,   Soci6t6  des   Ing^nieurs   Clvila, 

Paris. 

(35)  Mining  Magazine,  819  .Salisbury  House, 

London,  E.G.,  mth.,  1«. 

(36)  Publications,    Iron    and    Steel    Institute, 

London. 

(37)  Proceeding.',  Inst,  of  Mech.  Eng.,  London. 

(38)  Publications,  Field   Columbian   Museum, 

Chicago,   U.S.A. 

(39)  Journal.  Mining  Socictv  of  Nova  Scotia, 

Halifax,  N.S. 

(40)  Transactionn.  Mining  and   Geological  In* 

Htltute  of  India,  Calcutta. 

(41)  publications.  Department  of  Minos,  Wel- 

lington, N.Z. 

(42)  Journal,  Chamber  of  Mines  of  West  Aui- 

tralia,  Pertli. 

(43)  Journal    of   Industrial    and    Engineering 

Chemistry,    Ea-ston,    Pa. 


LIBRARY.  XXili 

LIST    OF    ARTICLES 


MECHANICAL. 


Patching  the  Roofs  of  Copper  Reverbcratory  Furnacos.     (i.  J.  Young.     (6)  Oct.  23,  1920. 
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MouLDEN,    J.    C,     Central    Zinc    Co.,    Seaton-Carew,     near 

Middlesborough,  England  . .  . .  . .      1906 

MouLE,  John  W.,  Burma  Mines  Ltd.,  Bawd  win.  Upper  Burma     1908 
MoxoN,    Claude   H.    Hercules   Gold  and  Silver  Mining   Co  , 

Williainsford,  Tas.  . .  ..  ..  ..  ..     1915 

Mulligan,    Edric    N.,    University    Club,    Castlereagh-street, 

Sydney,    N.S.W. 
Mulligan,  W.  J.,  Grafton  Copper  Mines,  Cangai,  N.S.W.     . . 
Murdoch,    Fredk.    M.,    Waterloo    Chemical     Works,     173a 

Botany-road,  Waterloo,    N.S.W.       ..  ..  ..     1915 

Murphy,  Frank,  Great  Cobar  Ltd.,  Cobar,  N.S.W.  ..     1912 

Murray,  Geo.  D.,  Ivanhoe  Gold  Corporation  Ltd.,  Boulder, 

W.A.       ..  1909 

§  Murray,  Russell  M.,  Mount  Lyell  Mine,   Gormanston,  Tas.     1911 
Murray,   Virginius  H.   R.,   Golden  Horseshoe   Estates   Co., 

P.O.  Box   78,   Boulder,  W.A.  ..  ..  ..      I'.'OO 

Naka.mura,  Keijiro,  Baron  Sumitomo's  General  Head  Office, 

Kitihama,  Osaka,  Japan    ..  ..  ..  ..      1914 

§  Newman,  J.  Malcolm,  Pratten  Buildings,  26  Jamieson-street, 

Sydney,  N.S.W 

NicoL,  W.  J.,  "  Dieppe,"  Alexandra,  Vic. 

Nicholson,  L'E.stranoe,  Mount  Elliott  Mine,  Selwyn,  Q.    .. 
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Noble,  Jas.  R.,  Muir's   Gold  Reefs   Ltd.,  Te    Puke,  Bay  of 

Plenty,   X.Z.  ..  ..  ..  ..  ..  1910 

O'Brien,    Edward,    c/o    Broken    Hill    Pty.   Ltd.,  Box    196, 

Newcastle,  N.S.W.  ..  .\  ..  ..  1910 

O'Brien,  Kirk,  300  Collins-street,   .Melbourne,   Vic.  ..  1911 

Osborne,  Percy   R.,  Port  Moresby,  Papua  . .  . .  1921 

Owen,  T.  Mackellar,  116, 1 18  Clarence-street,  Sydney,  N.S.W.  19U 
§  Palmer,  Thos.  H.,  Collins  House,  360  Collins-street,  Melbourne, 

Vic.  .  ..  ..  ..  ..  ..  1910 

Parsonage,  William,  State  Coal  Mine,  Runanga,  Greymouth, 

N.Z.         ..  ..  ..  ..  ..  1920 

§  Patterson,  B.  G.,  Mount  Morgan,  Q.     . .  ..  ..  1907 

Paul,  Matthew,  Inspector  of  Mines,  Waihi,  N.Z.  ..  1910 

§Paull,  W.  J.,  "  Codrington,"  Bowenville,  Darling  Downs,  Q.  F. 

Payne,  Professor  Henry,  The  University,  Melbourne,  Vic.  1911 

§Pearce,  W.  C.  Walworth,  Lancelot,  via  Heiberton,  Q.       ..  1906 

Pearson,  J.  L.,  Wallaroo  Mines,  S.A.      ..  ..  ..  1913 

Peberdy,   James   R.,   c/o   Australasian    Institute    of   Mining 

and  Metallurgy,  48  Queen-street,  Melbourne,  Vic.       ..  1910 
Penman,  Arthur  Percy,   Citv  Bank  Chambers,   Newcastle, 

N.S.W ■ 1911 

PoMROY,  H.,  Wallaroo  Mines,  S.A.  ..  ..  ..  1913 

§  Poole,  W.m.  (Julius  &  Poole),  CulwuUa  Chambers,  Castlereagh- 

street,  Sydney,  N.S.W.       . .  . .  . .  . .  1905 

§Pound,  J.  R.,  School  of  Mines,  Ballarat,  Vic.  . .  . .  1920 

§  Power,    F.    Danvers,    Perpetual    Trustees  Chambers,  33-39 

Hunter-street,  Sydney,  N.S.W.         . .  . .  . .  F. 

Rae,  Cecil,  Ipoh,  Perak,  Fed.  Malay  States  . .  . .  1908 

Read,  Thomas  A..  "  Warrawee,"  Thomas-street,  Broken  Hill, 

N.S.W 1918 

Reid,  a.  M*Intosh,  Geological  Survey  Oftices,  Launceston,  Tas.  1919 
Reid,  Major  D.  E.,  Gympie,  Q.                ..             ..             ..1910 

Rhodes,  Charles,  Ronaki,  Romuera.  Auckland,  N.Z.  ..  I'.MI 

§Rhodes,  Fred.  N.,  c/o  Wilson's  (N.Z.)  Portland  Cement  Co. 

Ltd.,  Portland,  N.^.  ..  ..  ..  1910 

Ridge,  H.  M.,  2  Gt.  Winchester-street,  London,  E.G."  ..  lOul 

Rickleman,  H.,  c/o  Electrolytic  Refining  Co.,  Port  Kembla, 

N.S.W 1907 

§RiGiJY,   Edward  J.,   482  Collins-street,  Melbourne,  Vic.       ..  F. 
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RiGG,  Gilbert,  Broken   Hill   Associated   Smelters  Ltd.,  360 

Collins-street,  Melbourne,  Vic.  . .  . .  . .     1917 

Roberts,  Geo.  M.,  Associated   Northern  Blocks   (W.A.)  Ltd., 

Kalgoorlie,  W.A. 
§  Roberts,  Nicholas  J.,  Central  Mine,  Broken  Hill,  N.S.W.  . . 
RoDDA,    E.  J.  J.,   "  Ensanada,"    Murdock-street,    Cremorne, 

Sydney,  N.S.W.    .. 
RoDDA,  Stanley  N.,  Melbourne  Technical  College,  Melbourne, 

Vic 

RoLFE,  R.  A.,  53  West-street,  North  Sydney,  N.S.W. 

Rose,  Walter  J.,  Electrolytic  Zinc  Co.  of  Australasia  Ltd., 

360  Collins-street,  Melbourne,  Vic.   . . 
RowE,  F.  Walton,  Oroya  Links  Ltd.,  Kalgoorlie,  W.A. 
RusHA,  Richard  A.,  Abu  Tin  Mining  Co.  Ltd.,   via   Jemaa, 

Narrarawa  Province,  Northern  Nigeria,  West  Africa    . . 
Russell,  Murray,  Lispector  of  Mines,  c/o  Dept.  of  Mines, 

Brisbane,  Q. 
Ryan,  Cecil  G.,  Bradshaw's  Creek,  Tas.  . . 
Sander,  George  E.,  Rhodesian  Lead  and  Zinc  Syndicate  Ltd., 

Broken  Hill,  Rhodesia,  South  Africa 
§Sarvaas,  Johan,  Melbourne  Technical  College,  Melbourne,  Vic. 
Saunders,  George  J.,  Technical  College,  Ipswich,  Q. 
Savage,  A.  E.,  "Nangeela,"  Point-road,  Woolwich,  Svdney, 

N.S.W.    ..  ..  ..  ..  ..     ■ 

ScHLAPP,  H.  H.,  Collins  House,  360  Collins-street,  Melbourne, 

Vic. 
Scoble,  E.  J.,  Adams-street,  Waihi,  N.Z. 
Scott,  James  Balfour,  Renison  Bell,  Tas. 
Scott,  Malcolm  B.,  c/o  Mrs.  Duff,  Commercial-road,  Hobart, 

Tas. 
Shaw,  J.  B.,  c/o  Union  Bank  of  Australia  Ltd.,   Pitt-street, 

Sydney,  N.S.W.    . . 
Shepherd,  H.  Frank,  Hauraki  Mines,  Coroniandel,  N.Z. 
^§Skeats,  Professor  E.  W.,  The  University,  Melbourne,  Vic. 
§Slke,  Rir  hard  T.,  iirokcn  Hill  Pty.  Ltd.,  Broken  Hill,  N.S.W. 
§Slessor,   Robt.,   Arnhold   Bros,   and  Co.,  Changsha,    Hunan 

Province,  China 
Smith,  A.  Mica,  School  of  Mines,  i3allarat,  Vic.     . . 
Smith,  C.  E.  Kennedy,  State  Battery,  Ora  Banda,  W.A.     .. 
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Smith,    C.    Lonsdale,    "  Darnick,"    Larkin-street,    Bay-road, 

Sydney,  X.S.W.     . .  . .  . .  . .  . .  1905 

§  Smith,  F.  Vos.s,  Block  U  Co.,  Broken  Hill,  N.S.W.  ..  1009 

Smith,  J.  D.  Audley,  Box  1557,  P.O.,  Sydney,  N.S.W.       ..  .1910 

Somerset,  H.  St.  J.  (jun.).  Broken  Hill  Associated  Smelters 

Ltd.,  Port  Pirie,  S.A.         ..  ..  ..  ..  1898 

Speight,   Robert,   Canterbury   Museum,   Christchurch,   N.Z.  1911 
Stephen,   J.   Parish,   "  Rvdalmount,"   Webb's-avenue,    Ash- 
field,  Sydney,  N.S.W.         ..             ..             ..             ..  1918 

Stephenson,  Clement  T.,  39  Wrixon-street,  East  Kew,  Vic.  1912 

Stewart,  Farquhar,   Walsh-street,  Reefton,  Westland,  N.Z.  1910 

^§ Stewart,  Hector,  '*  Solai,"  Wagin,  W.A.  ..  ..1902 

§Sticht,    Robert  C,   Mount  Lyell  Mining   and   Railway  Co. 

Ltd.,  Queenstown,  Tas.       ..  ..  ..  ..  1901 

Stillwell,  Frank  Leslie,  c/o  Bendigo  Amalgamated  Gold- 
fields,  N.L.,  Bendigo,  Vic.  ..  ..  ..  1921 

Stirling,  J.,  Burnie,  Tas.  . .  . .  . .  . .  F. 

Stokes,  C.  H.,  "  Thornville,"  Kerr-street,  Mavfield,  Newcastle, 

N.S.W.     ..  ..  ..  ./  ..  1910 

Stokes,  Reginald  H.,  '*  Labrena,"  Beaconsfield-road,  Mosman, 

N.S.W.    ..  ..  ..  ..  ..  ..  1911 

Stutterd,    Louis    N.,    Post-ofl&ce,    Port    Darwin,    Northern 

Territory  ..  ..  1913 

Sussmilch,  C.  a.,  Technical  College,  Newcastle.  N.S.W.       ..  1904 
Sutherland,    John    W\,    Golden     Horseshoe    Estates    Ltd., 

Boulder,   W.A.       ..  ..  ..  ..  ..1909 

Sutherland,  Wm.  G.,  Smelting  Works,  Fremantle.  W.A.      ..  1909 
Taylor,  E.  Hogan,   *'  Wvuna,"  30   CarHsle-street,  St.  Kilda, 

Vic.  ..  .'.  ..  ..  ..  ..  1913 

Thomas,  Harry  A.,  Carisbrook.  Vic.         ..  ..  ..  1910 

Townsend,  C.  T.,  Cyanide  Works,  One-Mile,  Gympie,  Q.     ..  1908 

Trenkkky,  Edward,  Moonta  Mines,  S.A...  ..  1911 

Turnbull,  T.  a.,  156  Hardy  street.  Nelson,  N.Z.  ..  . .  F. 

Turner,  A.  D.,  Falcon  Mines  Ltd.,  via  Umvunui,  Rhodesia, 

South  Africa  ..  . .  ..  ..  ..  1913 

§TuRRi,  G.  G.,  The  Rialto,  Collins-street,  Melbourne,  Vic.     ..  F. 
Ullman,  a.  T.,  Clarendon   Hotel,    Hunter-street,   Newcastle, 

N.S.W 19U 

Ulrich,    Gerard    A.,    c/o   Inst,   of    Mining?  and    Metallurgy, 

Salisbury  House,  1  Finbury  Circus,  London,  E.C.  2  ..  1911 
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Waddell,  W.  a.,  Koorboora,  via  Cairns,  Q.  . .  . .  F. 

§Wain\vrii;ht,  W.   E.,  Broken  Hill  South  Ltd.,    360   Collins- 
street,   Melbourne,  Vic.       . .  . .  . .  . .  1902 

§Wallmann,  H.  p.,  26  Vautier-street,  Elwood,  Vic.  . .  1910 

Walls,  Goiders,  Devonport  West,  Tas.    . .  . .  . .  1920 

Walsh,  Peter  J.,  c/o  Broken  Hill  Associated  Smelters  Ltd., 

Port  Pirie.  S.A.    . .  .  .  . .  . .  . .  1920 

Walton,  Robert  W.,  324  Bondi-road,  Bondi,  N.S.W.  . .  1911 

Ward,  L.  Keith,  Director  of   Mines,  Department  of  Mines, 

Adelaide,  S.A.       ..  ..  ^  ..  ..  1918 

§  Waterhouse,  Leslie  V.,  c/o  Mount  Hope  Ltd.,  Mount  Hope, 

X.S.W.     ..  ..  ..  ..  ..  ..  1910 

§  Waters,  Professor  D.  B.,  The  University,  Dunedin,  N.Z.  1904 

Watsox,  James  T.,  Chillagoe  Ltd.,  Mt.  Mulligan,  via  Cairns,  Q.  1911 

Wauchope,  a.,  Johnstone-street,  Cottesloe,  W  A.  . .  ..  1909 

Weigali,  a.  R.,  CO  Seoul  Mining  Co.,  Suan  Mine,  Hoi  Kol, 

Whang  Hai  Province,  Korea  . .  . .  . .  . .  1910 

Weigall,  H.  S.,  Taio  G.M.  Co.  Ltd.,  Nakatsue  Mura,   Hida 

Gun,  Oita  Ken,  Kyushu,  Japan       . .  . .  . .  1912 

Weinberg,  E.  A.,  25  Broad-street,  New  York,  U.S.A.  . .  F. 

Weir,  George,  360  Collins-street,  Melbourne,  Vic.  . .  . .  1902 

Westcott,  L.  a.,  "Catumnal,"  Corfield,  Q.N.R.,   Q.  ..  1907 

§  White,  Edmond  A.,  Electrolytic  Refining  Co.,  Port  Kembla, 

N.S.W.    ..  ..  ..  ..  1900 

White,   Francis   P.,   Goonengerry,   via  Mullunbimby,  North 

Coast,  N.S.W.      ..  ..  ..  ..  ..  1913 

§  White,  Norman  F.,  *' Warrandaroo,"  Longerock,  Q.  ..  1S99 

Whitfeld,  H.  E.,  The  University,  Perth,  W.A.       ..  ..  1914 

Whitley,  Alexander,  Inspector  of  Mines,  Dunedin,  N.Z.  ..  1911 
WiLKiNs,  Laurence  G.,  Broken  Hill  Proprietary  Ltd.,  New- 
castle, N.S.W.       ..             ..             ..             ..             ..  1913 

§  Williams,  Luke,  '*  Clareraont,"  Moonah,  Tas.       ..  ..  1894 

|WiLLiAMS,   Owen   B.,   c/o   North   Mount   Farrell   Co.,   N.L., 

Tullah,  Tas.  ..  ..  ..  ..  ..  1910 

Williams,  Thomas  H.,  Leonora  G.  Blocks,  Leonora,  W.A.     . .  1910 

Wilson,  A.  Laurence,  New  Ravenswood  Ltd  ,  Ravenswood,  Q.  1909 
Wilson,  Douglas  de  C,  Junction  North  Mine,  Broken  Hill, 

N.S.W.    ..  ..  ..  ..  ..  ..  1920 

Wilson,  F.  G.,  Y-Water  Tin  Co.,  N.L.,  Emmaville,  N.S.W.   . .  1910 

Wilson,  Harry,  31  Queen-street,  Melbourne,  V^ic.  1914 
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Wilson.  William  T.  S.,  Extraction  Works,  Paeroa,  Auckland, 

N.Z.  ..  ..  ..  ..  ..  ..  1911 

Winter,  Arthur  S.,  C.S.A.  Mines  Ltd.,  Cobar,  X.S.W.         . .  1918 

§Wgod,  James  P.,  School  of  Mines,  Adelaide,  S.A.  ..  ..  1910 

§WooDWARD,    Oliver   H.,    Broken    Hill   Associated    Smelters 

Ltd.,  Port  Pirie,  S.A.  .  .  .  .  .  .  . .  1912 

WoRSLEY,   Henry   E.,   Broken  Hill  Ptv.   Ltd.,  Broken  Hill, 

X.S.W.   ..  ..  ..         "^    ..  ..  ..  1910 

§  Wright,  Geo.  W.,  Mt.  Lyell  Mining  and  Railway  Co.  Ltd., 

Queenstown,  Tas.  ..  ..  ..  ..  1906 

§Wylie,  Wm.,  Tingha,  via  Giiyra,  N.S.W.    .  .  .  .  .  .  F. 

Young,  Gerald  W.,  "  Rona'"  Toorak-road,  Toorak,   Vic.   . .  1909 


ASSOCIATE    MEMBERS. 

Adcock,  Garnet  L,  Viticultural  College,  Rutherglen,  Vic.   ..  1011 

Alford,  L.  C,  "  Oakhainpton,"  Wellington.  N.Z.  ..  ..  1910 

Anderson,   A.   F.   S.,  c/o  Tongkah   Harbour    Tin    Dredging 

Co.,  Puket,  West  Siam,    via  Penang  . .  1914 

Anderson,  William  T.,  "  Clifton,"  Ben   Boyd-road,  Neutral 

Bay,  N.S.W.  . .  . .  . .  . .  . .  1910 

Atkinson,  J.,  Emmaville,  N.S.W.  . .  . .  . .  1907 

Baldwin,  Percy  H.,  Mount  Morgan,  Q.    . .  ..  ..  1910 

Banks,  John  H.  G.,  Waihi  G.M.  Co.,  Waihi,  N.Z.  . .  1910 

Barclay,    Fred.    E.,    "  Burra    Bra,"    Thinkoswald    Avenue, 

Mosman,  Sydney,  N.S.W. . .  . .  . .  . .  1912 

Barker,  Nigel  Chase,  Atlas  Buildings,  Spring  street,  Sydnev, 

N.S.W.     ..  ..  ..  ..  ..  .\  1911 

Barkley,   Ernest,     Mount   Lyell    Mining   and    Railway   Co. 

Ltd.,  Gormanston,  Tas.      . .  . .  . .     1906 

Beckwith,   Ralf   N.,   c/o   Sulphide   Corporation    Ltd.,   Port 

Pirie,   S.A.  ..  ..  ..  ..  ..     1910 

Berri.man,  ]^\lph  v.,  "  Bolton,"  18  Da])hne-street,  Prospect, 

S.A.  ..  ..  ..     1920 

Black,  Arnold  B.,  8  Zebina-street,  Broken  Hill,  N.S.W.  . .  1912 
BoYi),  Eric  Ewart  Gladstone,   c/o  Zinc  Corporation  Ltd., 

Brokon  Hill,   N.S.W.  ..  ..      1921 

BovDt'LL,    W.    G.    B.,   c  o  Seoul  Mining   Co.,  Hoi  Kol  Mine, 

Whang  Hai  Province,  Chosen,  Korea  ..  ..      1911 
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Broad,  Wilfred  Ray,  c/o  British  Broken  Hill   Proprietary 

Co.,  Broken  Hill    X.S.W.                  .  .              .  .              .  .  1920 

Brown,  G.  Twentvman,  *'Glen{eri),"  Mathouraroad,  Toorak, 

Vic.         ..              ..              ..                                             ..  1910 

Bullen,    G.   L.,    Block  11   Torrington,   Bismuth,    vii    Deep- 
water,  N.S.W.                       ..             ..             ..             ..  1913 

§Burbidge,  Percy,  Mount  Elliott  Mine,  Selwyn,  North  Q.    ..  1910 
Caithness,    W.    R.,     c/o    Fraser    and    Chalmers    Ltd.,     257 

Clarence-street,  Sydney,  N.S.W.       . .              . .              . .  1909 

Campbell,  A.  G.,  c/o  Burma  Mines  Ltd.,  Namtu,  'Northern 

Shan  States,  Upj^er    Burma              ..              ..              ..  1911 

Campbell,  J.  K.,  Stannary  Hills,  via  Ciirns,  Q.     . .              ..  1915 

Carless,  Noel,  Walney  House,  Waihi,  N.Z.           ..             ..  1913 

Carroll,  Hubert  H.,  c/o  Broken  Hill  South  Ltd.,   Broken 

Hill  N.S.W . .             . .             . .  1920 

Casey,  Richard  G.,  125  William-street,  Melbourne,  Vic.      . .  1909 
Christian,  Arthur  J.,  The  Ranch,  Oxide-street,  Broken  Hill, 

N.S.W 1910 

Clapp,  L.  p.,  76  Chloride-street,  Broken  Hill,  N.S.W.          . .  1910 
Clark,  Archie  S.,  c/o  Amalgamated  Zinc  (De  Bavay's)  Ltd., 

Broken  Hill,   N.S.W.           .  .              . .              . .              . .  1910 

Cole,  William  H.,  Waihi  Grand  Junction  Ltd.,  Waihi,  N.Z.  1912 

CoLLisoN,  Arthur  G.,  King  William-street,  Adelaide,  S.A. . .  1902 
Cooke,  Herbert  R.,  N.Z.   Express  Coy's.    Building,   No.   12 

Fort-street,  Auckland,  N.Z ..             ..  1911 

Corstophan,  V.  A.,  c/o  Electrolytic  Zinc  Co.  of  Australasia  Ltd., 

Risdon,  Tas.           . .         '     . .              . .              . .              . .  1915 

Court,  A.  Lacy,  c/o  Central  Mine,  Broken  Hill,  N.S.W.     ..  1913 
§  Courtney,  Guy,  c/o  Sulphide  Corporation    Ltd.,   Boolaron, 

N.S.W.    ..             ..             ..             ..             ..             ..  1912 

Grace,  Melville  C,  Broken    Hill  South  Ltd.,   Broken  Hill 

N.S.W.    ..  ..  ..  ..  ..  ..1911 

Craig,  J.   H.,   Albion   Chambers,    Bondigo,   Vic.       ..              ..  1911 

Cribb,  H.  B.,  Lower  (Quarters,  Mount  Morgan,  Q.  . .              ..  1910 

CuMMiNO,  Ale.k,,  Irvinobank  Co.,  Irvincbank,  North  Q.       ..  1911 

Danks,  Aaron  T.,  391  Bourke-strect,  Melbourne,  Vic.          ..  1905 
Ditchbl'Rn,    Gordon    L.    A.,   c/o    Yukon    T)ro(](r\r\ff   Co.,    10 

Loke  Vew  BuildingH,  Kuala  Lumi)ur,  Fed.  Malay  States  1910 

DoD,  H.  Charlton,  S.A.  Oil  Wells  Co.,  Tantanoola,  S.A.  ..  19U 
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§Dow,  Edmund  B.,  c/o  Sulphide  Corporation  Ltd.,  Boolaroo, 

X.S.W.    ..             ..             ..             ..       •      ..             ..  VAi) 

Dow,  John,  Golden  Horseshoe  Estates  Ltd.,  Boulder,  W.A.  1910 

§  Drain,    Percy    J.,    "  Kingslev,"    Kitchener- road,    Artarnion, 

Sydney,  N.S.W.   ..'     '      ..             ..             ..             ..  1910 

Dunn,  John  A.,  c/o  Imperial  College  of  Science  and   Tech- 
nology, South  Kensington,  London,  S.W.  7    ..              ..  1921 

DuNSTAN,  Basil  G.,  c/o  Australian  Slate  Quarries,  Willunga, 

S.A.         ..             ..             ..             ..             ..             ..  1911 

§Edwards,  Ed,  *'Glenesk,"   Callintina-road,    Hawthorn,   Vic.  1907 

Elford,  Chas.,  P.O.  Box  No.  11,  Chillagoe,  North  Q.         ..  1910 

Fisher.  W.  Hamilton,  46  Ward-street,  Kalgoorlie,  W.A.     ..  1913 

Flockart.  Colin    P.,  5S  Broadway,   East   Camberwell,  Vic.  1912 

Fox,  James  Michael,  North  Mine,  Broken  Hill,  N.S.W.        . .  1910 

§FoxALL,  John  S.,  Sons  of  Gwalia  Mine,  Gwalia,  W.A.          . .  1912 
Fry,   Arthur   E.,  c/o  Zinc  Corporation  Ltd.,   Broken    Hill, 

N.S.W.    ..             ..             ..             ..             ..             ..  1919 

§  Fry,  Sidney,  Reefton,  N.Z.        ..             ..             ..             ..  1907 

Gabriel,  G.  Escott,  327  Bromide-street,  Broken  Hill,  N.S.W.  1920 

Game,  George  B.,  South  Silver  Mine,  Broken  Hill,  N.S.W.  1918 

Garnett,  Robert  K.,  554  Chai)ple-street,  Broken  Hill,  N.S.W.  1920 

Gluyas,  B.  C,  Broken  Hill  Pty.  Ltd.,  Newcastle,  N.S.W.  1913 
Gray,   William,   Anglo-Persian   Oil   Co.   Ltd.,    c/o    Whitten 

Bros.,  Port  Moresby,  Papua              ..              .;              ..  1921 
Greening,  Walter,  Te  Aroha,  N.Z.          ..             ..             ..1911 

Greenlees,  .Vlan  D.    .Vmalgamated  Zinc  (De  Bavay's^  Ltd., 

Broken   Hill,  N.S.W.          ..             ..             ..             ..  1910 

Grieve,    William    H.,    c/o    William    Adams    and     Co.,    175 

Clarence-etreet,  Sydney,  N.S.W.      ..              ..              ..  1911 

Grosse,   William   J.,   63  Patton-street,  South  Broken    Hill, 

N.S.W.      ..              ..              ..              ..              ..              ..  1913 

GCPPY,  Clarence  H.  R.,  Nowra,  N.S.W.   . .             . .             . .  1911 

Hart,    William,    Mount    Ly»'il     Mining    and    Railway    Co. 

Ltd.,  Gormanstowu,  Tas.  ..              ..  1913 

Harvey,  Phillip,  School  of  Mines,  Charters  Towers,  (,).     ..  1910 

Heycock,  C.  R.,  Morotown,  Wairio,  Southland,  N.Z.  1914 

Holder.  Evan  M.,  Central  Mine.  Broken  Hill.  N.S.W.  1910 
Hooke,    Arthur  W.,   Forum    River  (Niireria)   Tin   Co.    Ltd.. 

Naraputa,  Northern  Nigeria,  West  Africa  1911 


^li'  ASSOCIATE  MKMBERS. 
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HooKiNGS,  Herbert  J.,  Assav  Office,  Broken  Hill  Ptv.  Ltd., 

Broken  Hill.  N.S.W.  . .  . .  . .   '  . .  1911 , 

Hooper,  Francis  H.;  Block  11  :\Iine.  Broken  Hill,  N.S.W.   ..  1911 

Hooper,  Thomas  H.,  Butlers  Tin  Mine,  Torrington,  N.S.W.  1919 

§  Hope,  G.  B.,  "  Carrical."  Hermitage-rd.,  Newtown,  Geelong,  Vic.  1911 
HoRSBURGH  W.  W.,  Hampden-Cloncurrv  Copper  Mines  Ltd., 

Kuridala,  North  Q.  ..         '    ..  ..  ..  1911 

HrxTKR.     George      M'L,      c/o     Electrolytic     Zinc     Co.    of 

Australasia  Ltd.,  Risdon.  Tas.  ..  ..  ..  1910 

Irvine,   C.   L.,    c/o    R.   M.   Clifton,    209     Townshend-road, 

Subiaco,  W.A.       . .  . .  . .  . .  . .  1913 

Jones,  Vincent  N.,  Noosa  Shire  Council,  Pomona,  Q.         . .  1910 
§Junner,    Norman    R.,    c/o    Gold    Coast   Geological    Survey, 

Colonial  Office,  Downing-street,   Westminster,  London  1920 

Klem,  Leslie  G.,  Noumea,  New  Caledonia  . .  . .  1919 

Langford,  Walter  G.,  Vailala  Oil  Fields,  Papua  ..  ..  1915 

Lawn,  Charles  H.,    P.O.  Box  85,  Taranaki,  N.Z.  ..  1911 

Leevers,  William  T  ,  Great  Boulder  Perseverance  G.M.  Co., 

Fimiston,  W.A.    ..  ..  ..  ..  ..  1910 

Le  Souef,  Sebert  G.,  "  Brocklev,"  Wrexham-road,  Windsor, 

Vic.         ..  ..  '. .  ..  ..  ..  1910 

Lewis,  K.  B.,  "  Remo,"  41  Kooyong-road,  Armadale,  Vic.  ..  1915 
LiNZ,  Carl  J.,  c/o  Electrolytic  Zinc  Co.  of  Australasia  Ltd., 

Risdon,  Tas.  . .  . .  . .  . .  . .  1920 

§MacGruer,  D.  C,  Sulphide  Corporation  Ltd.,  Boolaroo,  N.S.W,  1915 
MX'allum,  N.  S.  Kellie,  The  Edith  Mining  Co.  Ltd.,  Deep- 
water,  N.S.W.       . .             . .             . .             . .             . .  1911 

McKay,  James,  Box  55,  P.O.,  Greymouth,  N.Z.    ..  ..  1911 

Montgomery,  John  N.,  Upoia,  Papua      . .  . .  . .  1914 

§  Moore,   Malcolm   S.,   31  Queen-street,  Melbourne,  Vic.       ..  1912 

§MoRGAN,  R.  J.,  Spassky,  Zavod,  Akmolinsk,  Siberia  ..  1911 

Morris,  A.  C,  Zinc  Corporation  Ltd.,  Broken  Hill,  N.S.W.  1913 
§Nevett,  Ralph  D.,  Thomas-lane,  off  Chloride-street,  Broken 

Hill,  N.S.W.  ..  ..  ..  ..  1912 

Newbigin,  William  .i.,  c/o  William  Adams  and  Co.,  521,  523 

Collins-street,  Melbourne,  Vic.  . .  . .  . .  1913 

Nicholas,    Frank    H.,    c/o    Burma    Mines    Ltd.,     Namtu, 

Northern  Shan  States,  Burma,   India  1913 
Noall,    John,    c/o    i'ahang    (Jonsolidated    Co.    Jjtd.,    Sungei 

Lcmbing,  Kuantan,  Singapore,  Fed.  Malay  States      . .  1921 
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Oliver,    Robert    Bruce,     Tramwav    Terrace,    Bervl-street, 

Broken  Hill,  X.S.W.           ..    '                         ./            ..  H»10 

Osborne,  George  W.,  Meekatharra,  W.A.               . .             . .  1913 
§0\vER,  Leslie  H.,  c/o  Miss  I.  Ower,  56  Esplanade,  Brighton 

Beach.  Vic.            ..              ..              ..              ..              ..  1910 

Patterson.  R.  H.,  Broken   Hill  Club,  Broken   Hill,   N.S.W.  1912 
Pearson,   H.    F..   c/o   Zinc   Corporation   Ltd.,   Broken    Hill, 

N.S.W.    ..             ..             ..             ..             ..             ..  1912 

Pethebridge,  Harry  Vernon,  Main-road,  Moonah,  Hobart, 

Tas.         ..             ..             ..             ..             ..             ..  1915 

Rabling,  H.,  St.  Joseph's  Lead  Mine,  Bonne  Terre,  Missouri, 

U.S.A 1914 

Ramsden,    Frederick     Valentine,     c/o    J.    W.    Dudgeon, 

Scottish    House,  William-street,  Melbourne,  Vic.        . .  1921 
Rain,  Allan  D.  M.,  Braden  Copper  Mines,  Rancagua,  Chili, 

South  America       ..              ..              ..              ..              ..  1911 

Reid,  G.  D.,  Grantville,  Vic.      ..             ..               ..             ..  1916 

Robertson,  Hubert  James,  Junction  North  Mine,    Broken 

Hill,  N.S.W.          . .             . .             . .             . .             . .  1920 

Robson,  H.  Carmichael,  "  Silverdale,"  Penzance,]  Cornwall, 

England                  ..              ..              ..              !.              ..  1913 

Rogers,  George,  c/o  Burma   Mines  Ltd.,  Namtu,  Northern 

Shan   States,  Burma  ..  ..  ..  ..1913 

Ross,  C.  N.,  c/o  The  University  of  Queensland,  Brisbane,  Q.  1907 
RuFUS,   Frederick   Albert,    Block    10   Mine,    Broken    Hill, 

N.S.W.    ..             ..             ..             ..             ..             ..  1920 

Rutherford,  Alex.  R.,  Globe  Mine,  Reefton,  N.Z.              . .  1913 
Rutherford,  T.  Wyville  L.,  Consolidated  Goldfields,  Reefton, 

N.Z.           ..             ..             ..             ..             ..             ..  1913 

Rutter,  Hubert,  "Yarra  Braes,"  Eltham,  Vic.     ..             ..  1908 

Ryan,  Denis  L.,  Fremantle  Trading  Co.,  Fromantle,  W.A...  1917 

Salter,  John  W.,  144  William-street,  Broken  Hill,  N.S.W.  ..  1912 
Sampson,     Thomas,      c 'o     Benson    Bros.,      Liverpool-street, 

Sydney,   N.S.W.    ..              ..              ..              ..              ..  1919 

Seale,  Harry  V.,  Junction  North  Mine,  Broken  Hill,  N.S.W.  1910 

§Sewell,  Robert  M.,  School  of  Mines  &  Industries,  Stawell,  Vic.  1913 

Shaw,  John  F.,  Block  14  Mine,  Broken  Hill,  N.S.W.           ..  1912 

§Shellshear,  Wilton,  c/o  Miami  Copper  Co.,  Miami,  Arizona, 

U.S.A.     ..             ..             ..             ..             ..  1910 

Simpson,  James,  Crown  Law  Dept.,  Perth,  W.A.  ..  1910 


xliv  ASSOCIATE  MEMBERS. 
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Names  and  Audresscs.  Election 

Skehritt,  Alfred  W.,  Kapsan  Mines,  Korea         . .  . .     1907 

Sligo,  A.  D.,  Zoehan,  Tas.  ..  ..  ..  ..     1911 

Smith,  H.  Hardy.  "Cora  Lynn,"  Woolwich,  Sydney,  N.S.W.    1910 
Smith,     R.     D.,    Hanipden-Cloncurry    Copper    Mines    Ltd., 

Trekelano,  via  Duchess,  Cloncurry,  Q.  ..  ..     1908 

Smith,  Walter  G.  A.,  102  King-street,  St.  Peters,   Sydney, 

N.S.W.    ..  ..  ..  ..  ..  ..     1912 

Stanger-Leathes,  a.  C,  14  Mac  Arthur-street,  Ballarat,  Vic.     1912 
Stephen,  Fenton   W.,   Broken  Hill  Pty.   Co.,   Broken   Hill, 

N.S.W.   ..  ..  ..  ..  ..  ..     1910 

Stephenson,  Godfrey,  Mount  Hope,  N.S.W.         . .  . .     1917 

Stephenson,  Herbert,  *'  Beaumaris,"  Fletcher-street,  Bondi, 

Sydney,  N.S.W.    ..  ..  ..  ..  ..     1910 

Stichnoth,  Ludwig  F.,  Box  47,  P.O.,  Mt.  Morgan,  Q.         . .     1910 
Swan,  Arthur  Howard,  c/o  Zinc  Corporation  Ltd.,  Broken 

Hill,  N.S.W.  . .  . .  . .  . .  . .     1920 

Sweet,    Oswald    G.,    South    Extended    Mine,    Broken    Hill, 

N.S.W.   ..  ..  ..  ..  ..  ..     1910 

Thomas,  Frank  N.,  South  Mine,  Broken  Hill,  N.S.W.        ..     1911 
Thompson,  Charles  G.  L.,  c/o  New  Guinea  Copper   Mines 

Ltd.,  Port  Moresby,   Papua  ..  ..  ..     1921 

Thomson,  F.  D.,  c/o  W.  S.  Gibson,  40  Young-street,  Albert 

Park,   Vic.  ..  ..  ..  ..  ..     1908 

Topp,  A.  A.,  12  Cromwell  road,  Hawksburn,  Vic.       . .  . .     1909 

Townsend,    Harold,    "  The   Wurlie,"    Iodide-street,    Broken 

Hill,  N.S.W.         ..  ..  ..  ..  1910 

Treloar,    Fred.    L.,   Oxide-street,   off   Morgan-lane,    Broken 

Hill,  N.S.W.  ..  ..  ..  ..  ..     1913 

Twine,  George  J.,  Queensland  Cement  and  Lime  Co.,  Darra, 

Q.  ..  ..  ..  ..  ..  ..     1914 

Vaughan,  Rupert  M.,  Milton  Bryan  Rectory,  Woburn,  Beds., 

England  ..  ..  ..  ..  ..      1911 

Waine,  Victor   J.,   Colonial  Sugar  Refining    Co.,    Sigatoka, 

via  Lantoka,  Fiji  ..  ..  ..  ..     1908 

§  Warren,  P.  Hampton,  Broken  Hill  South  Mine,  Broken  Hill, 

N.S.W.    ..  ..  ..  ..  ..  ..     1910 

§Watkin8,   Augustus  E.,   St.   Aubyn-strcet,   New   Plymouth, 

Taranaki,  N.Z.      ..  ..  ..  ..     1911 

Watson,  Herbert,  c/o  Amalgamated  Zinc  (De  Bavay's)  Ltd., 

Broken  Hill,  N.S.W.  ..  ..  ..  ..     1911 
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White.   Fredk.  G.    (White  &   Hosier),  Broken  Hill,  X.S.W.  1911 
Whitehead,  Edwin  A.,  "  Alallaba,"  6  North  Terrace,  Ken- 
sington Garden^  S.A.        ..              ..              ..              ..  1902 

Whiteman,  Woodleigh  D.,  British  Mine,  Broken  Hill,  N.8.W.  1913 
Whitinotox,  Bertram.,  Mt.  Lyell  Scho  >!  of   Mines,  Queens- 
town,  Teis.              ..           '  ..              . .              . .              .  .  1915 

Williams,  Arthur,  Oxide  Creek  Ltd.,  Mt.  Gordon  Mine,  via 

Cloncurry,  Q.          ..              ..              ..              ..              ..  1915 

Williams,  Oswald  M.,  Inspector  of  Mines,  Mareeba,  Nth.  Q.  1919 

Williams,  W.  Ewart,  Block  10  Mine,  Broken  Hill,  N.S.W.  1912 
Williamson,   Milton  Arthur,   "  The   Ranch,"    Oxide-street, 

Broken  Hill,    X.S.W.           ..              ..              ..              ..  1920 

Wilson,  Wilfred  A.,  Lakes  Creek,  Q.    ..             ..             ..  1911 

Winters,  R.  J.,  c/o  Government  Geologist,  Entebbe,  Uganda, 

British  East  Africa             ..              ..              ..  1914 

Zeugofsge,    F.    C,    288    Patton-street,    South    Broken    Hill, 

N.S.W.    ..             ..             ..             ..             ..             ..  1910 


STUDENTS. 

Alexander,  Hubert,  Black  Range  West  G.M.  Co.,  Sandstone, 

W.A.  ..  ..  ..  ..  ..  ..     1912 

Anderson,    Archibald    G.,    "  Leacroft,"   Parn^ll  Place,    E. 

Newcastle,  N.S.W.  ..  ..  ..      1913 

Anderson,  E.  S.,  c/o  R.  E.  Chapman,  Bank  of  New  South 

Wales,   Ballarat,  Vic.  ..  ..  ..      1912 

Barson,  Thomas  L.,  Railway  Town,  Broken  Hill,  N.S.W. 
Bloom.  Leo,  Merivale-street,  South  Brisbane,  Q.    . . 
Blunden,  Leslie  E.,  228  Elizabeth-street,  Brisbane.  Q. 
Burns,  Felix  G.,  Terminus  Hotel,  Williamsford,  Tas. 
Colman,  Wm.  R.  G.,  Upper  Sturt,  S.A.    .. 
Combe,  A.  D.,  c/o  Governujent  Geogolist,  Entebbe,  Uganda, 

British  Ea.st   Afric:i  ..  ..  ..  ..1012 

Cokrik,  Colin  C,  Ele -trolytic  Zinc  Co.  of  Australasii'.  Ltd., 

360  Collins-street,  Melbourne  ..  .  ..1911 

Crawford,   H.,  School  of  Mines,  Thames,  N.Z.  ..     1912 

Cropp,  Walter  H.  J..  05  Filieul-street,  Dunedin.   N.Z.         ..     1920 


1913 
1913 
1910 
1914 
1920 


^^^*  STUDENTS. 

Names  a  ul  Aildre.sses  ,J?  '^'^  "^ 

Election. 

Dale,   Roger   T.   H.,   47   Harrington-street,   Port    Chalmers, 

N.Z.         ..             ..             ..             ..             ..             ..  1920 

Dean,  Harry  M.,  School  of  Mines,  Charters  Towers,  Q.     ..  1911 

Fabrikant,  I.  B.,  50  Erskine-street,  North  Melbourne,  Vic.  1915 
Fraser,  Ernest  H.,  Broken  Hill   Associated   Smelters  Ltd., 

Port  Pirie,  S.A.    ..              ..              ..              ..              ..  1911 

Gibbons,  Leo  P.  J.,  W.A.  School  of  Mines,  Kalgoorlie,  W.A.  1920 
GooDE,  Kenneth  B.,  c/o  IMatthew  Goode  and  Co.,  18   Silk- 
street,  London,  E.C.2         . .              . .              . .              . .  1913 

Green,  Harold  Litchfield,  c/o  W.  Green,  Union  S.S.  Co. 

(X.Z.)  Ltd.,   Dimedin,    X.Z.               . .              . .              . .  1920 

Hill,  James,  Box  27,  P.O.,  Many  Peaks,  Q.          . .             . .  1907 

Hopkins,  John,  c/o  Broken  Hill  Associated   Smelters   Ltd., 

Port  Pirie,  S.A.                    . .              . .              . .              . .  1920 

Horsley,  Ralf  D.,  Stannary  Hills,  North  Q.           . .              . .  1910 

Hughes,  Eric  W.,  School  of  Mines,  Adelaide,  S.A.               . .  1913 

Kelly,  A.  H.,  Croas-street,  Mayfield,   N.S.W.         . .              . .  1913 

Kelly,  Monckton  B.  H.,  60  Queen-street,    Melbourne,  Vic.  1913 

Kerr,  Frederick  T.,  c/o  Centraf  Mine,  Broken  Hill,  N.S.W.  1918 

Kneebone,  Christopher  S.,  Woodville-road,  Woodville,  S.A.  1914 

Meikle,  R.  a.  Redvers,  Dee-street,  Mount  Morgan,  Q.      . .  1920 
Paull,  N.  C,  Hampton-Cloncurry  Copper  Mines  Ltd.,  Clon- 

curry.   North  Q.    . .              . .              . .              . .              . .  1910 

Plant,  G.  H.  D.,  "  Thornburgh,"  Charters  Towers,  Q.       . .'  1910 
Roberts,  Reginald  A.  J.,  "Clydeville,"  Beryl-street,  Broken 

Hill,  N.S.W ..             ..  1912 

Russell,  James  L.,  c/o  P.  O'C.  Russell,  EHzabeth-strect,  Bris- 
bane, Q.    ..             ..             ..             ..             ..             ..  1913 

Smith,  Eugene,  82   Victoria  road,  Auburn,  Vic.     . .             . .  1913 

Southon,  Ronald  D.,  Broken  Hill  South  Mine,  Broken  Hill, 

N.S.W 1912 

Symonds,  G.  B.  L.,  174  Wolfram-street,  Broken  Hill,  N.S.W.  IMIG 
Taylor,    Augustus,    "  Bornefav,"    Margate-street,    Kogarah, 

N.S.W ' 1908 

Taylor,    E.    Foulkes,    Cobham,    Woodside,    G.S.    Railway, 

W.A 1913 

Thompson,  David,  Cardross,  Q. ..             ..             ..             ..  1910 

Turner,  William  A.,  17  Station-street,  Camberwell,  Vic.     ..  1014 

Uren,  Wm.  T.,  Salmon  Mine,  Dolomite,  Q.             . .             . .  1909 
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F^lcction. 

Veitch,   Neil   A.,  Hampden-Cloncurry    Copper    Mines    Ltd., 

Kuridala,  North  Q.  ..  ..  ..  ..1911 

White,  James  Murdock,  c/o  Malaya  Tin  Corporation   Ltd.. 

Puket,  West  Siam  . .  . .  . .  .  .      1919 

Williams,  W.  H.  (jun.),  Assistant  Inspector  of  Mines,  Rock- 

hampton,  Q.  ..  ..  ..  ..  ..     1914 

WisHART,  J.  W.,  H.M.A.S.  Torrent,  G.P.O.,  Sydney,  N.S.W.     1910 
Yates,  Donald,  Mayfield,  Newcastle,  N.S.W.        ..  I'jU 
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time  being,  in  Melbourne. 
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MINUTES    OF    MEETINGS. 


OF   THE   EXECUTIVE    COMMITTEE. 


(Summary). 

May  3rd,  1921—1  p.m. 

The  Treasurer's  report  showed  that  receipts  since  last  meeting 
were — Subscriptions,  £177  Gs.  3d. ;  Interest,  £G  5s. 

Accounts  to  the  amount  of  £156  were  passed  for  payment, 
and  included — printing  Proceedings  No.  39,  £124  ;  Postage,  £17. 

Certificate  of  Incorporation  was  presented  and  showed  that 
registration  was  effected  on  7th  April. 

The  Chairman  declared  Dr.  F.  L.  Stilhvell  elected  as  a  meml)er 
of  the  Institute  by  ballot  of  members  of  Council. 

Nominations  as  follow  were  approved  for  ballot  : — As 
-Member — Mr.  Hector  John  Harrison  ;  as  Associate  -Members  — 
Messrs.  John  Lemon  Sampson  and  Revel  Tinwortli. 

The  resignation  of  Mr.  W.  B.  Blyth  (Associate  Member)  was 
accepted. 


1  MINUTES. 

A  letter  was  submitted  from  Mr.  G.  H.  Knibbs,  Director  of  the 
Institute  of  Science  and  Industry,  requesting  the  views  of  the 
Institute  on  the  proposals  made  to  the  Institute  of  Science  and 
Industry  for  the  -  publication  of  a  book  on  "  The  Mineral 
Resources  of  Australia."  After  discussion  it  was  resolved  that 
the  Aus.  I.^I.M.  is  of  opinion  that  such  a  publication  is  desirable 
and  necessary,  but  considers  that  the  work  should  be  midertaken 
under  the  control  of  the  Institute  of  Science  and  Industry, 
assisted  by  a  committee  representing  the  various  State  Mining 
Departments,  the  Aus.  Inst.  Mining  and  Metallurgy  (Incorporated) 
and  similar  bodies. 

Papers  as  follow  were  submitted  and  referred  to  the 
Publication  Committee  : — 

(1).     "  Ventilation  :  Metalliferous  Mines,"  by  T.  G.  Hanton. 
(2).     "The    Artificial    Ventilation     of     the    Broken    Hill 

Proprietary  Mine,"  by  R.  T.  Slee. 
(3).     "  The  Use  of  Explosives  in  Steel  Works,"  by  R.  T. 
Slee. 
The  question  of  the   locality   of   the    First  Ordinary  Meeting, 
1921,  was  discussed  but  no  decision  arrived  at. 


May  :50th,  1921—7  p.m. 

The  Treasurer's  report  showed  that  receipts  since  last  meeting 
were — Subscriptions,  £73  ;  Advertisements,  £5  ;  and  Sales^  2s.  6d. 

Accounts  to  the  amount  of  £62  were  passed  for  payment. 

A  letter  from  the  Institute  of  Science  and  Industry  showed 
that  the  Director  concurred  in  the  general  principal  of  control 
suggested  by  the  Aus.  I.M.M.  in  the  proposal  to  publish  a  book 
on  the   Mineral   Industry  of  Australia. 

It  was  resolved  that  the  First  Ordinary  Meeting,  1921,  be  held 
in  Sydney  at  a  date  to  be  arranged  later. 

Nominations  as  follow  were  approved  for  ballot : — As  Associate 
Members — Messrs.  Eric  W.  Hughes,  Christopher  Stephen  Kneebone, 
and  Eric  Hunter  Disney  White. 


MINUTES.  U 

As  a  result  of  ballot,  the  chairman  declared  the  following 
elected  to  the  Institute : — As  Member — Mr.  Hector  John 
Harrison  ;  as  Associate  Members — Messrs.  John  Lemon  Sampson 
and  Revel  Tinworth. 

The  following  were  admitted  as  Students  : — Messrs.  Hugh  Bert 
Howlett  and  Alexander  Ashton  McLeod. 

Representatives  of  the  Institute  were  appointed  to  interview 
the  Hon.  the  Minister  of  Mines,  N.S.W.,  and  urge  an  amendment 
of  the  Mines  Regulations  Act,  1901,  in  the  direction  of  modifying 
the  provisions  for  employment  of  certificated  engine-drivers  for 
such  work  as  starting  and  stopping  pumps  and  machinery 
underground  other  than  rock  drills  and  sinking  pumps. 

The  Report  of  the  Annual  Meeting  of  the  Broken  Hill  Branch 
was  submitted  and  received,  and  the  election  of  officers  for  the 
year  1921-22  was  approved. 

Resolved  that  the  Donation  Trust  Account  (£152  10s.)  form 
the  nucleus  of  a  larger  fund  (£1000  if  possible)  ;  that  the 
interest  thereon  be  used  to  provide  one  or  more  annual  prizes 
for  papers  contributed  by  Associate  Membei's,  Juniors  and 
Students,  and  that  members  be  invited  to  contribute  to  the 
fund. 

Representatives  were  appointed  to  confer  with  representatives 
of  the  Institution  of  Engineers  of  Australia  in  regard  to  the 
proposal  to  form  an  Engineering  Council. 


June  27th,  1921—8  p.m. 

The  Treasurer's  Report  was  presented  and  accounts  to  the 
amount  of  £95  (including  printing  £77)  were  passed  for  payment. 

As  a  result  of  the  ballot,  the  chairman  declared  the  following 
elected  as  Associate  Membci-s  of  the  Institute : — Messrs.  Eric 
William  Hughes,  Christopher  S.  Kneebone  and  Eric  H.  I). 
White. 

A  report  of  the  deputation  from  the  Institute  which  waited 
upon  the  Hon.  the  Minister  for  Mines,  N.S.W.,  in  the  matter  of 
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MINUTES. 


rko  certification  of  engine-drivers  was  received.  The  report 
showed  that  The  depntation  had  a  sympathetic  hearing;  that 
draft  regulations  were  framed  for  the  removal  of  the  anomalies 
which  at  present  obtain ;  that  the  system  adopted  in  W.A.  foi 
granting  certificates  to  miners  to  operate  Holman  hoists  would 
be  favorably  considered. 

A  report  was  submitted  in  regard  to  the  proposal  to  form 
an  Engineering  Council  representing  the  various  Australian 
Institutes,  and  the  suggestion  that  a  conference  be  convened  in 
Sydney  at  tl^  time  of  the  First  Ordinary  Meeting,  1921,  to 
discuss  the  matter,  was  adopted. 

Resolved  that  arrangements  be  made,  if  possible,  to  hold  the 
First  Ordinary  Meeting  in  Sydney  in  August  instead  of 
September. 

The  action  taken  in  requesting  the  Institution  of  Mining  and 
Metallurg}',  London,  to  forward  I.M.M.  screens  true  to  standard 
was  approved. 

In  regard  to  the  Donation  Fund  Account  it  was  resolved 
(1)  that  prizes  of  £10  each  be  open  for  competition  in  eacli 
State  and  New  Zealand ;  (2)  that  the  question  of  payment 
from  interest  or  from  capital  be  deferred  until  after  the  Sydney 
meeting ;  (3)  that  details  be  arranged  by  the  Publication 
Committee ;  (4)  that  the  competition  be  restricted  to  Student 
members  of  the  Institute. 

The  publication  of  advance  copies  of  a  paper  by  Mr.  P. 
Hampton  Warren  on  "Mechanical  Methods  of  Allying  Dust'* 
was  approved. 
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NOTICES. 


The  rooms  of  the  Institute  are  open    from  9  a.m.   to  5  p.m.   daily,  except  Sundays  and 
Public  Holiavs. 


MEMBERSHIP. 

Since   the    issue   of   Proceedings  No.   41,   the   following     have 
been  admitted  to  the  Institute  : — 

Member. 

Names  and  Addresses. 

Harrison,  Hector  John,  656  Chappie  Street,  Broken  Hill,  N.S.W. 

Associate  Members. 

Hughes,  Eric  William,  School  of  Mines,  Adelaide,  S.A. 
Kneebone,  Christopher  Stephen,  Woodville  Road,  Woodville,  S.A. 
Sampson,   John   Lemon,    Broken    Hill   Associated    Smelters  Ltd./ 
Port  Piric,  S.A. 

Tinworth,  Revel,  Ballarat    East,  Vic. 

White,  Eric  Hunter   Disney,  School  of  Mines,  Bairnsdale,  Vic. 

Students. 

Howlett,   Hl'gh   Bert,  School  of  Mines,  Bairnsdale,   Vic. 
McLeod,  Alexander  Ashton,  MatTra,  Vic. 

first  ordinary  meeting,  1921. 

The  Council  has  decided  that  the  First  Ordinary  Meeting, 
1921,  be  held  in  Sydney  during  the  week  22nd  to  27th  August. 
A  programme  is  being  arranged  by  the  Sydney  Committee  and 
will  shortly  be  circulated.  Members  intending  to  be  present 
should  notify  the  Secretary  as  soon  as  possible,  in  order  that 
arranfijements  may  Ix^  made  for  travelling  concessions  and 
accommodation. 

students'   prize   fund. 

This  fund  was  inaugurated  by  Mr.  J.  W.  Sutherland  (Past 
President)    donating   £."32     lUs.    for  the    purpose   of   encouraging 
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students  in  mining  and  metallurgy  by  means  of  prizes  for  papers 
contribut^'d.  Diu'ing  last  year  the  fund  was  increased  to  £152 
10s.  by  donations  of  £50  each  from  Messrs.  G.  H.  Blakemore 
(member  of  Council),  and  W.  E.  AVainwright  (Past  President). 
The  Council  has  decided  to  invite  members  to  contribute  to  the 
fund  in  order  that  a  sufficient  amount  may  be  thus  raised  to 
enable  the  interest  to  provide  prizes  of  £10  each  yearly  for  the 
best  papers  contributed  by  students  in  each  of  the  Australian 
States  and  New  Zealand ;  that,  pending  the  receipt  of  a  sufficient 
amount  by  donation,  the  balance  of  the  interest  required  be  paid 
from  the  Institute  funds. 

PUBLICATIONS. 

Papers  appearing  in  this  issue  are  : — 

"A  Proposed  Copper  Metallurgical  Process."     By  Percy  Burbidge. 

"  The  Artificial  \entilation  of  the  Broken  Hill  Proprietary  Mine,  N.S.W.'* 
By  K.  T.  Slee. 

*  "The  Use  of  Explosives  in  Steel  Works."     By  K.  T.  Slee. 

'Mechanical  Methods  of  Allaying  Dust'"  (with  discussion).       By  P.   H. 
Warren. 

Written  contributions  to  the  discussion  on  these  papers  ia 
invited  by  the  publication  committee. 

ENGINEERING    COUNCIL. 

iSome  progress  has  been  made  in  regard  to  the  proposal  to 
inaugurate  some  scheme  of  federation  of  kindred  associations. 
It  is  probable  that  this  matter  will  receive  consideration  at  the 
forthcoming  First  Ordinary  Meeting  in  Sydney  in  August. 

PRIZE    PAPER. 

A  prize  of  £25,  contributed  by  the  Mining  Managers'  Association, 
Br(»k(;n  Jfill,  for  the  best  paper  contributed  by  a  member  of  the 
Broken  Hill  Branch  of  the  Institute,  has  been  awarded  to  Mr. 
Herbert  Lavers  for  his  paper  entitled   "  Notes  on  Tungsten." 

This  paper  will  be  puljli.slied  in  a  later  number  of  the 
proceedings.  . 


NOTICES.  \f 

ELECTION    OF     OFFICE-BEARERS. 

Members  are  reminded  that  according  to  Clauses  37  to  53 
of  the  Articles  of  Association  (see  Proceedings  No.  -41)  nomina- 
tions of  President  and  Members  of  Comicil  should  reach  the 
Secretary  not  later  than  1st  September,  1921.  Nominations  are 
invited  in  accordance  with  the  Clauses  above  referred  to.  The 
President  and  Councillors  so  elected  will  not  take  office  until  the 
Ist  of  Januarv,   1922. 


Ivi  REPORTS  OF  BRANCHES. 

BRANCH   NOTICES. 

BROKEN     HILL     BRANCH. 

Wednesday,  11th  May,  1921,  at  8  p.m. 
^Ir.  Andrew  Fairweather  occupied   the  chair. 
The    following    were    elected    office-bearers    for    the     ensuing 
year  : — 

Chairman — C.  C.  Freeman. 

V ice-Chairmen — E.  T.  Slee  and  AV.  D.  Whiteman. 
Hon.  Secretary — C.  H.  J.  Clayton. 
Hon.  Treasurer — P.  H.  AVarren. 
Hon.  Auditor — C.  D.  Cherry. 

Committee — A.  S.  Clark  (Amalgamated  Zinc  De  Bavey's 
Ltd.),  H.  J.  Harrison  (Broken  Hill  North  Ltd.),  R.  D. 
Nevett  (Junction  Nortii  Co.),  W.  D.  AVhiteman 
British  Broken  Hill),  H.  Layers  (Block  U  Co.),  N. 
Roberts,  E.  Holder  (Central  Mine),  V.  A.  Haigh 
(Block  10),  E.  Henderson  (Broken  Hill  Pty.),  and 
W.  Chomley  (Zinc  Corporation  Ltd.) 
The  balance-sheet,  showing  a  credit  balance  of  £7  12s.,  was 
submitted  and  adopted. 

3Ir.  Fairweather  then  presented  the  prize  of  £25  donated  by 
the  Mining  Managers'  Association  to  Mr.  Herbert  Lavers  for  his 
paper  "  Notes  on  Tungsten,"  and  in  his  remarks  deplored  the 
apathy  of  younger  writers  who  were  missing  an  opportunity  for 
self-education  by  neglecting  to  write  up  subjects  for  discussion. 

Mr.  Lavers,  in  thanking  the  Mining  Managers'  Association 
through  the  chairman,  said  he  considered  that  the  poor  response 
to  the  invitation  to  write  papers  was  due  to  lack  of  facilities 
provided.  He  considered  that  the  development  of  flotation  had 
been  retarded  by  the  secrecy  observed. 

The  question  of  amending  the  Mines  Regulation  Act,  1901, 
dealing  with  the  necessity  of  employing  only  certificated  drivers 
to  start  and  stop  pumps  and  all  machinery  underground  other 
than  rock  drills  and  sinking  pumps,  was  referred  to  the  Council. 
Discussion  of  the  advisability  of  introducing  a  Mine  Foreman's 
Certificate  of  Ojmpetency  was  adjcjurned  sine  die. 


REPORTS  OF  BRANCHES.  Nii 

MOVEMENTS    OF    MEMBERS. 

James  Barr  is  now  with  J.  A.  Russell  &  Co.  (Malayan 
Colleries  Ltd.),  Kuala  Lumpur,  Federated  Malay  States. 

B.  V.  Barton,  recently  Mine  Superintendent  of  the  Bendigo 
Amalgamated  Goldfields  Ltd.,  Vic,  sailed  for  South  Africa  at 
the  end  of  June  to  fill  a  position  on  the  staff  of  the  Rhodesia 
Broken  Hill  Development  Corporation,  Broken  Hill,  Rhodesia. 

Joseph  Grigg  has  returned  from  the  Federated  Malay  States, 
and  is  at  present  at  Fremantle,  W.A. 

Ralph  V.  Berriman  has  been  appointed  Principal  of  the 
Technical  School,  Port  Pirie,  W.A. 

G.  J.  Gray,  late  of  Cobar,  N.S.W.,  is  now  at  the  Laloki 
Mine.  Port  Moresby,  Papua. 

John  McGeachie,  late  Manager  of  the  Aberdare  CoUeries, 
Cessnock,  X.S.W.,  has  commenced  private  practice  as  a  Con- 
sulting Mining  Engineer,  Coal  Expert  and  Colliery  Viewer  at  28 
OX'onnell  Street,  Sydney,  N.S.W. 

F.    M.   Murdoch   has    been    appointed    Chief    Chemist   to   the 
Technical  Commission  of  Enquiry,  Protestant  Hall,  Broken  Hill 
N.S.W. 

John  W.  Mode  (member  of  Council)  has  resigned  from  the 
Burma  Mines  Lt<:l.,  and  is  visiting  London.  His  address  now 
is — Herberton,  Nth.   Queensland. 

Richard  A.  Rusha,  Abu  Tin  Co.  Ltd.,  Northern  Nigeria,  reports 
that  he  is  leaving  Nigeria  very  shortly  for  London. 

Malcolm  B.  Scott  has  left  Hobart,  where  he  was  engaged  by 
the  Electrolytic  Zinc  Co.  of  Australasia,  and  is  at  present  in 
Melbourne. 

J.  B.  Shaw  has  been  appointed  Superintendent  of  the  Tube 
Factory  in  connection  with  Metal  Manufacturers  Ltd.,  at  Port 
Kembla,  N.S.W. 

C.  H.  Stokes  is  now  engaged  by  the  Commonwealth  Steel 
Products  Co.  Ltd.,  at  Waratah,  Newcastle,  N.S.W. 

Charles  G.  L.  Thompson,  recently  with  the  New  Guinea 
Copper  Mines  Ltd.,  Port  Moresby,  Papua,  is  at  present  in 
Mell>ournc. 
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LIST   OF    PUBLICATIONS    ADDED   TO   THE    LIBRARY 
From  31st  March,  1921  to  30th  June,  1921. 


Australian  Miniuu:  ind  Eiiixineering  Review 

Industrial  Australian  it  Mining  Standard - 

Engineering  and  Mining  .lournal   - 

Iron  and  Coal  Trades  Review 

Mining  and  Engineering  World 

Mining  Magazine 

Indian  Engineering 

Chemical  News      _  .  -  - 

Soutli  African  Engineering 

Journal  of    Industrial    and    Engineering 

Chemistry 
Society  of  Chemical  Industry  :  Journal 
Chemical,  Metallurgical  and  Mining  Society 

of  South  Africa  :  Journal 
Franklin  Institute  :  .lournal 
Institution  of  Mechanical  Engineers  :  Journi 
Chamber  of   Minps  of   Western  Australia  : 

Journal  .  .  .  _ 

The  West  Australian  Mhiing,   liuilding  and 

Engineering  .Journal  - 
Queensland  I)e|)artment  of  Mines  : 

Government  M  inirjg  Journal  • 
Transvaal  Ciiamher  of  Mines: 

Montlily  Analysis  of  Gold  Production 
Khodesia  ('liamber  of   Mines  : 

Heport  of  Executive  - 
Iioyal  Society  of  Victoria  : 

I*roceedings.  Vol.  XXXIII. 
Department  f>f  Mines,  Queensland  : 

Geological  Survey,  Publication,  No.  20 
Royal  Society  of  Queensland  : 

ProceedingH,  Vol.  XXXII.    - 
Department  of  Mines,  South  Australia  : 

Review  of  Mining  Operations,  No.  33 


monthly  - 

Melbourne 

weekly     - 

Melbourne 

weekly 

New  York 

weekly 

London 

weekly     - 

Chicago 

monthly  - 

London 

weekly 

Calcutta 

weekly     - 

London 

monthly  - 

London 

monthly   - 

Easton,  Pa. 

bi-monthly 

London 

monthly  - 

Johannesburg 

bi-monthly 

Philadelphia 

1     montlily 

London 

quarterly  - 

Kalgoorlie 

weekly 

Perth 

iM(>nthlv  - 

Brisbane 

- 

Johannesburg 

monthly   - 

Bulawayo 

- 

Melbourne 

) 

Brisbane 

- 

Brisbane 

. 

Adelaide 

LIBRARY. 
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The  University  of  Adelaide  : 

Calendar,  1921  -  -  -  -  Adelaide 

Department  of  Mines,  Western  Australia  : 

Bulletin,  Geological  Survey,  No.  78  -  -  Perth 

Department  of  Mines,  Tasmania  : 

Bulletin,  Geological  Survey,  No.  32   -  -  Hobart 

Institution  of  Mining  Engineers  : 

Transactions,  Vol.  LX.,  Part  2,  Vol.  LXI.,  Pan  1  London 

Institution  of  Minin£(  and  Metallurs:v  : 

Bulletins,  Nos.  198,  199  -  -  London 

North  of  England  Institute  of  Mining  and  Mechanical 
En<,Hnt'ers  : 
Annual  Report  of   Council  and  List  of  Members, 

December,  1920  -  -  -  Newcastle 

Imperial  Mineral  Uesources  Bureau  : 

iiei  orts — Aluminium    and     Bauxite,     Antimony, 
Arsenic,  Bismuth,    Asbestos,    Borates,   Chrome 
Ore  and   Chromium,  Zinc,    Nitrates,  Monazite, 
Magnesite,  Fuller's  Earth,   Felspar,  Cobalt 
Mining  Law — Vol.  I. —  Algeria 

,,       Vol.  II. — West  Africa  -  London 

Annales  des  Mines  : 

Vol.  XL,  Parts  1-3  -  -  -  -  Paris 

Geological  Survey  of  India  : 

Records,  Vol.  LI.,  Part  3       -  -  -  Calcutta 

Department  of  Mines,  Canada  : 
Memoirs,  Nos.  118-123 
Production  of  Copper,  Gold,  Lead,  Nickel,    Silver, 

Zinc,  and  other  Metals  in  Canada  during  1919 
Museum  Bulletin,  Geological  Survey,  No.  31  -  Toronto 

American     Institute     of     Mining     and     Metallurgical 
Engineers  : 
Mining  and  .Metallurgy,  Nes.  171-173  -  New  York 

American  Society  of  Civil  Engineers  : 

Transactions,  Vol.  LXXXII  I.  -  -  New  York 
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RECENT     ARTICLES    ON     MINING     MATTERS. 

(3l8t  March,  1921   to  30th  June,  1921.) 

^^OTE. This   list  is   prepared  for   the  purpose   of  placing   before  members   Ike 

(itles  of  the  more  important  papers  appearing  in  the  vsual  publications  concerned 
with  minitig  engineering,  metallurgy,  <Si\.  due  regard  being  had  to  Australasian 
requirements. 


LIST    OF    PUBLICATIONS. 

Rejereneei  are  given  by  the  number  prefixed  to  each  publication  in  the  attached  list.     Wk.,  tceekly 

mth.,  monthly. 

Science. 


(1)  The  /ud'ittriol  Australian  <<•  Mining  Stan- 

dard,  Melbourne,  Victoria,  wk.,  6d. 

(2)  The  Qneent'and  Government  Mininj  Jour- 

nal, liriibane,  niMi.,  6d. 
<3)  Meiallurgical  and  Chemical   Engineering, 

New  York,  mth.,  25c. 
{4)  The  Mining  Journal,  London,  E.C,  wk., 

(W. 
<."))  Mining  and  Engineering  World,  Chicago, 

wk.,  lUc. 
<6)  The    Engineering    and    Mining    Journal, 

New   York,  wk.,  15c. 

(7)  The    Colliery    Engineer,    Scranton,    Pa., 
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MINUTES    OF    MEETINGS. 


OF    THE    INSTITUTE. 


First  Ordinary  Meeting,  1921,  Sydney,  22n(l  to  27th  August. 


Monday,  22nd  August. 

The  First  Ordinary  .Meeting,  1921,  opened  at  9.30  a.m.  on  Monday, 
22nd  August,  at  No.  3  Class-room,  University  Cliambers,  Phillii)- 
«treet,  Sydney,  kindly  ])lac'ed  at  the  disposal  of  members  hy  IVofes.sor 
Peden.  Mr.  G.  C.  Klug  (vice-president)  occupied  the  chair,  and  in 
doing  so  apologized  for  the  unavoidable  absence  of  the  president 
^Professor  Chapman). 

Tlie  secretary  read  the  notice  convening  the  meeting. 

Minutes  of  the  .Vnnual  Meeting.   1921.  were  confirmed. 

The  Chairman  rej)orted  that  a  meeting  of  the  full  Council  ha<l  i»een 
convened  to  take  place  that  morning  ;  but,  as  there  were  not  sutiicient 
members  of  Council  present  to  form  a  (juoruni.  it  was  decided  that 
members  of  the  Institute  present  be  given  an  opportunity  to  discu.ss 
Institute  matters  and   make  recommendations. 

Announcements  were  made  in  res})ect  to  arrangement^  fnr  tlic 
remainder  of  the  meeting. 
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MINL'TES. 


The  business  meeting  tlien  adjourned  until  2  p.m.,  and  members 
proceeded  to  the  Mining  Museum  in  George-street,  where  an  inspection 
was  made  of  the  magnificent  collection  of  rocks  and  minerals. 

Messrs.  G.  C.  Klug  and  A.  S.  Kenyon  attended  (as  the  Institute's 
delegates)  a  conference  convened  by  the  Institution  of  Engineers, 
Australia.  The  conference  was  held  at  the  Royal  Society  House, 
Elizabeth-street,  where  the  proposal  to  form  an  Engineering  Council 
was  discussed  by  delegates  representing  the  three  Federal  Institutes 
— viz.,  Institution  of  Engineers,  Australia,  the  Australian  Chemical 
Institute,  and  the  Australasian  Institute  of  Mining  and  Metallurgy. 

The  business  meeting  was  continued  at  the  University  Chambers 
at  2  p.m.  At  this  and  subsequent  meetings  and  at  all  functions 
during  the  convention  Mr.  G.  C.  Klug  presided. 

The  Chairman  proposed  a  vote  of  thanks  to  Messrs.  F.  Danvers 
Power  and  \Vm.  Poole  and  other  members  of  the  Sydney  Committee 
for  the  admirable  arrangements  made  in  connection  with  the  meeting. 
The  vote  was  carried  by  acclamation. 

The  following  resolutions  were  unanimously  carried  :— 

(1)  "That  this  inciting  of  members  of  the  Australasian  Institute  of  Mining 

and  Metallurgy  places  on  record  its  appreciation  of  the  good  work 
carried  out  by  the  Mining  Museum,  and  trusts  that  the  magnificent 
collection  of  rr)cks  and  minerals  will  be  kept  intact  and  available  to 
the  public  as  a  permanent  exhibit  showing  the  value  of  the  mining 
industry  of  New  South  Wales,  in  order  that  it  may  continue  to  assist 
those  who  desire  to  exploit  the  mineral  wealth  of  the  country  ;  and  that 
a  copy  of  this  resolution  be  forwarded  to  the  Honourable  the  Minister 
for  Mines." 

(2)  ■•  That  a  letter  of  thanks  be  sent  to  Professor  Peden  for  granting  the 

Institute  the  use  of  a  room  in  which  to  hold  its  meetings." 
The     Chairman     announced     that     the     conference     re     proposed 
Engineering  Council,  held  that  morning,  was  very  successful,  and  it  was 
almost  certain  that  as  a  result  a  Federal  Engineering  Council  would  be 
constituted.     A  further  sitting  would  take  place  on  Thursday  next. 

Suggestions  were  then  invited  regarding  the  locality  of  the  First 
Ordinary  Meeting,  1922,  and  it  was  resolved  that  it  be  a  recommenda- 
tion to  the  Council  that  the  meeting  be  held  at  Port  Pirie,  S.A.  It 
was  also  mentioned  that  the  Council  was  considering  the  practicability 
of  holding  the  First  Ordinary  Meeting,  1923,  in  New  Zealand,  so  as 
to  dovetail  with  the  meeting  of  the  Australasian  Association  for  the 
Advancement  of  Science. 
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Reference  was  made  by  the  Chairman  to  the  fund  established  by  the 
leading  base  metal  companies  and  a  lar<;e  coal-mining  interest  for 
})roviding  bursaries  to  students  in  mining  and  metallurgy.  The 
Institute  was  represented  on  the  Bursaries  Selection  Committees. 

An  announcement  was  also  made  that  the  Imperial  College  of 
Science  and  Technology,  London,  with  which  the  Royal  School  of 
Mines  is  incorporated,  was  offering  two  Research  Fellowships  of  £300 
a  year  each,  tenable  for  one  year  and  possibly  renewable  for  a  second 
year,  to  aid  in  carrying  out  investigations  or  research  connected  with 
mining,  mining  geology,  metallurgy,  or  the  technology  of  oil.  The 
Australasian  Institute  of  Mining  and  Metallurgy  represented  the 
Royal  College  of  Science  and  Technology  in  Australia  in  the  matter, 
and  all  applications  should  be  made  to  the  secretary  of  the  Institute. 

It  was  urged  that  the  Institute  should  secure  greater  recognition 
by  the  Federal  and  State  Governments.  One  of  the  })rincipal  reasons 
for  obtaining  this  recognition  was.  it  was  urged,  to  prevent  reports 
by  incompetent  persons  being  used  for  the  flotation  of  mining  and 
industrial  companies.  The  Chairman  explained  that  the  ])roposed 
Federal  Council  would,  when  constituted,  be  a  ]»ower  for  good  in  tliis 
matter. 

Members  were  reminded  that  a  Donation  Trust  Fund  had  been 
inaugurated  by  a  ])ast-president  of  the  Institute  (^Ir.  J.  W.  Suther- 
land), who  had  contributed  fifty  guineas  for  prizes  to  mining  and 
metallurgical  students  for  the  ])urpose  of  encouraging  them  in  their 
studies.  This  fund  has  been  su])plemented  by  similar  amounts  from 
Mr.  W.  E.  Wainwright  (past-presjdent)  and  Mr.  G.  H.  Blakemore 
(member  of  Council).  Further  contributions  from  members  were 
invited  in  order  that  a  sufficient  sum  might  be  raised,  the  interest  on 
which  would  provide  for  prizes  for  essays  by  mining  students  in  the 
Australian  States  and   New  Zealand. 

The  Chairman  announced  that  Mr.  A.  T.  Danks,  of  Melbourne  and 
Sydney,  had  again  offered  a  prize  of  £10  for  the  best  paper,  con- 
tributed by  students  taking  part  in  the  present  meeting,  descriptive 
of  the  plants  and  works  visited  during  the  excursions. 

Mr.  Wm.  Poole  urged  that  examination  condition.s  for  niining 
managers'  certificates  should  be  uniform  throughout  the  States  and 
New  Zealand,  and  that  certificates  issued  by  one  State  should  then  })e 
accepted  by  the  other  States.     It  was  resolved  that  the  Council  l>c 
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requested  to  take  the  necessary  steps  to  carry  this  proposal  into  effect. 
(It  was  suhsequeiitly  explained  that  the  Council  already  had  this 
matter  in  hand.) 

Mr.  Poole  suggested  that  the  matter  of  uniform  conditions  of 
employment  of  undertjround  engine-drivers  and  motor  attendants 
in  New  South  Wales  should  receive  the  attention  of  the  Council. 

Mr.  C.  H.  J.  Clayton  stated  that  most  of  the  States  had  re-modelled 
Acts  dealing  with  that  matter.  New  South  Wales  had,  however, 
not  done  so. 

Mr.  Poole  contended  that  it  was  highly  desirable  that  the  whole 
of  the  Commonwealth  and  New  Zealand  be  organized  into  Branches, 
with  definite  areas,  under  the  supervision  of  Branch  Committees. 
After  considerable  discussion  it  was  decided  that  an  opportunity  be 
given  later  on  during  the  meeting  for  discussing  the  subject. 

Discussion  of  ])apers  was  then  proceeded  with  in  the  following 
order  : — 

(1)  "  Mechanical  Methods  of  Allaying  Dust,"  by  P.  Hampton 

Warren.  Discussion  on  this  paper  was  preceded  by  a 
summary  by  Mr.  C.  H.  J.  Clayton  of  the  main  points  of 
the  paper  and  discussion  to  date  by  the  Broken  Hill 
Branch. 

(2)  "  Determination  of    Minute  Amounts  of    Lead  in  Water, 

etc.,"  by  D.  Avery,  A.  J.  Hemingway,  V.  G.  Anderson  and 
T.   A.  Read.       A   resume    of    the    paper    was    given    by 
Mr.  D.   Avery. 
The  meeting  then  adjourned  \|ntil  8  o'clock  on  Tuesday  evening 
next. 

Members  left  Sydney  by  the  6.35  p.m.  train  for  Lithgow,  arriving 
there  at  11  p.m. 

Tuesday,  23rd  August,  1921. 

At  9.30  a.m.  the  party  proceeded  to  inspect  Messrs.  Hoskins'  iron 
and  steel  works.  They  were  driven  to  the  works  in  cars  ])rovidc(l 
by  the  rompany.  Upon  arrival  at  the  works  the  ])arty  was  met  by 
Messrs.  Cecil  Hoskins  and  A.  Sidney  Hoskins  (directors)  and  John 
Evans,  mine  manager.  Here  the  party  divided  into  small  sections. 
Each  section,  under  the  guidance  of  a  member  of  the  staff,  was  shown 
the  whole  process  of  manufacture  of  iron  and  steel.     The  foHowing 


MINUTES.  Ixvii 

summary  of  the  main  points  of  interest  concerning  the  companv  and 
its  o])erations  was  supplied  to  each  member  of  tlie  partv  : — 

■  The  comj)any  is  owned  and  oiKTaU-d  by  Mr.  ('.  H.  Hoskins  and  nu-mlK-rs  of 
his  family.  The  capital  of  the  company  is  2A  milUon  pounds  {i,'2,oOO,000),  and 
tlie  numlxT  of  men  employed  at  present  approximately  2;")00  ;  but  with  the 
extensions  that  are  contemphited  in  the  near  future  this  UHmber  will  l>e  con- 
siderably  increased. 

'■  The  various  plants  operated  by  the  company  arc  as  follows  :  — 

'■  The  main  iron  and  steel  wcjrks  are  situated  at  Lithgow.  on  the  Rlue  Mountains, 
at  an  elevation  of  30(H)  ft.  above  sea  level,  and  90  miles  west  of  Sydney. 

'■  An  engineering  and  ca.st-iron  pipe  works  are  situated  at  Sydney  and  Rhodes 
(a  subtirb  of  Sydney). 

'■  A  colliery,  comprising  .jCKX)  acres  of  coal  land,  together  with  coking  plant, 
is  situated  at  Dapto,  on  the  coast,  ofi  miles  south  of  Sydney,  in  the  southern 
coalfield. 

"  The  company  has  recently  purchased  400  acres  of  land  on  the  coast  at  Port 
Kembla,  8  miles  distant  from  the  above  colliery  and  coking  plant,  with  a  view 
to  establishing  a  modem  steel  works,  to  allow  for  future  extensions  whenever 
required.  One  of  the  directors  has  just  returned  from  an  extensive  tour  of 
England,  U.S.A.,  and  Canada,  where  he  gathered  information  regarding  the 
most  modem  iron  and  steel  ])lants,  in  order  that  the  new  plant  on  the  coast, 
together  with  numerous  alterations  and  extensions  to  the  existing  plant  at 
Lithgow,  should  be  along  the  most  modem  lines. 

'■  The  company  is  practically  self-supporting  for  all  its  raw  materials,  as  it 
owns  numerous  iron-ore  properties  in  New  South  Wales  and  Tasmania,  together 
with  extensive  coal  properties  and  limestone  deposits. 

"  In  addition  to  the  above,  it  also  owns  several  manganese  ore  properties,  the 
ore  being  of  very  high  quality,  from  wliich  many  thousands  of  tons  of  high-grade 
ferro-manganese  have  been  produced  during  the  past  five  years. 

*'  The  works  at  Lithgow  are  situated  in  the  heart  of  the  western  coalfield,  the 
coal  for  use  in  the  steel  works  going  straight  into  the  works  from  the  mine,  which 
is  less  than  a  quarter  of  a  mile  distant  from  the  mills.  The  company  is  also 
opening  up  an  additional  coal  mine  at  Lithgow,  2  miles  from  the  works,  con- 
sisting of  a>K»ut  3500  acres  of  good  coking  coal.  This  coal  seam  is  10  ft.  thick 
at  a  depth  of  300  ft.,  6  ft.  of  which  is  good  coal,  containing  about  32  ",,  volatile 
matter  and  8  %  of  ash.  The  remaining  4  ft.  is  inferior  coal  containing  about 
12 ",,  of  asli,  which  is  used  mainly  ff)r  firing  boilers.  Tlu'  c(»mpany's  coal 
prf>|>cTty  at  Dapto  consists  of  oOOO  acres  of  coal  land  containing  four  seams  of 
coal,  three  of  which  contain  good  coal,  the  top  seam  containing  8  °o  ash,  27  % 
volatile  matter,  and  makes  a  very  strong  coke  for  blast-furnace  work. 

"  The  company  holds  numen)us  iron-ore  projierties,  which  together  are 
estimated  to  contain  iK-tween  H<>.0(M).000  and  1(K>,(M)0.(K>0  tons  of  good  ore. 
The  ore  for  the  pre8<«nt  st^'el  works  at  Lithgow  is  drawn  from  Tallawang  ( 10<>  miles 
m»rth-weMt),  Carcoar  (80  miles  Kouth-west),  and  Cadia  (HK)  miles  south-west 
of  Lithg..w).     The  first -mentioned  ore  is  a  magnetite  containing  00",,  ot  iron; 
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the  latter  two  deposits  are  red  hematite,  C(Mitaining  57-58  "„  <*f  iron.     Numerous 
other  deposits  are  also  held  about  100  miles  south-west  and  south  of  Lithgow. 

"  The  limestone  for  the  Lithgow  works  is  obtained  from  the  company's  own 
quarries,  25  miles  west  of  the  steel  works.  The  manganese  ore  is  obtained  at 
Grenfell.  15(5  miles  west  of  Lithgow. 

'■  Tiie  whole  of  these  supplies  are  brought  by  rail  to  Lithgow  on  the  State 
railway's.  Numerous  other  ore  deposits,  containing  red  hematite,  with  about 
58  **o  of  iron,  are  held  in  New  South  Wales,  to  be  used  at  the  proposed  steel 
works  on  the  coast  at  Port  Kembla.  There  are  also  very  extensive  magnetite 
deposits  in  Tasuiania.  which  will  be  shipped  to  the  steel  works  at  Port  Kembla. 

"  The  Lithgow  steel  works  consist  of  a  coke  oven  plant  of  95  Belgian-type 
non-recovery  ovens,  with  a  capacity  of  1500  tons  of  coke  per  week.  This  supply 
of  coke  is  augmented  from  a  similar  plant  at  Dapto.  There  are  two  blast- 
furnaces, which  have  a  combined  capacity  of  150,000  tons  per  annum.  These 
are  at  present  hand-filled,  but  it  is  expected  will  be  enlarged  and  raechanically 
charged  in  the  near  future.  Of  the  iron  produced,  approximately  half  is  of 
foundry-  quality,  the  other  half  being  sent  direct  in  30-ton  ladles  to  the  steel 
plant.  The  blast  furnaces  are  blown  with  three  Parsons  turbine  blowers,  the 
largest  of  which  has  a  capacity  of  40,000  cub.  ft.  per  minute  at  18  lb.  pressure 
per  square  in.  The  usual  working  pressure  is  about  10  lb.  per  sq.  in.,  and  the 
blast  temperature  1100°  Fahr.  Owing  to  all  the  materials  being  low  in  sulphur, 
no  difficulty  is  experienced  in  making  first-class  iron,  both  for  foundry  and  steel- 
raaking  purposes,  the  coke  containing  .05  %  sulphur. 

"  The  open-hearth  shop  consists  of  three  modern  basic  open-hearth  furnaces 
of  .50  tons,  70  tons,  and  100  tons  capacity  res])ectively.  A  fourth  furnace  is 
now  being  added,  which  also  will  have  a  capacity  of  100  tons.  The  furnaces  are 
charged  by  an  overhead  slewing  type  charger,  and  the  steel  ladles  are  handled 
by  a  100-ton  electric  crane,  which  also  handles  the  hot  metal  from  the  blast 
furnaces.  This  crane  is  to  be  transferred  at  once  to  the  charge  side,  and  a  crane 
of  1.50  tons  capacity  will  take  its  place  for  handling  the  steel  ladles.  The  ingots 
at  present  are  taken  hot  to  the  28- in.  blooming  and  finishing  mill,  which  rolls 
blooms  and  billets  of  standard  sizes  below  8-in.  square.  The  bl(»oming  rolls 
are  driven  by  a  two-cylinder  engine,  42  x  60,  developing  approximately  5000  h.p., 
the  finishing  mill  In-ing  driven  by  a  three-cylinder  Davey  engine,  .32  x  42.  The 
capacity  of  this  mill  is  4000  tons  of  l)illets  per  week,  or  a  slightly  lessser  tonnage 
on  finished  Mictions  ;  but  owing  to  lack  of  steel  this  mill  is  at  present  only 
operating  one  shift. 

"  Two  10-in.  bar  mills  are  lx;ing  erected,  the  first  of  which  has  just  commenced 
operations.  These  milU  will  have  a  capacity  of  1200  tons  of  small  bars  per  week, 
and  arrangements  are  provided  for  adding  continuous  stands  of  roughing  rolls  at  a 
lat<T  dat*'  wh»*n  required.     The  18-in.  two-higli  mill  handles  intermediate  sizes. 

"The  works  have  their  own  engineering  shops  and  foundries,  and  most  nl 
the  alterations  and  extensions  to  the  plant  are  carriful  out  in  these  dej)artm(nts. 
All  classes  of  carbon  steels  are  manufactun;d,  including  a  large  variety  of  spring 
steelfl,  together  with  numerous  special  r|ualities  for  the  manufacture  of  small 
arms,  as  well  as  other  specifications. 
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"  The  cast-iron  pipe  and  general  engineering  works  are  situated  in  Sydney 
and  Rhodes,  a  suburb  of  Sydney,  on  the  Parramatta  River.  These  pijK'  phmts 
are  easily  the  largest  in  Australia,  and  the  plant  at  Rhodes  is  along  the  most 
modern  lines,  and  is  claimed  to  be  the  finest  plant  for  this  class  of  work  in  the 
world.  The  capacity  of  the  cast-iron  pipe  works  is  1500  tons  per  week,  working 
one  shift  of  8]  hours. 

•'  The  engineering  shops  have  carried  out  many  large  enterprises,  chief  among 
which  is  the  pipe-line  for  the  supply  of  water  to  Coolgardie,  which  consists  of 
360  miles  of  locking-bar  pipes,  28  in.  in  diameter  and  28  ft.  long,  this  Ix'ing  one 
of  the  largest  engineering  works  carried  out  in  the  southern  hemisphere.  The 
large  6-ft.  water  mains  supplying  Sydney  from  the  reservoirs,  situated  :i'>  mile*' 
distant,  were  manufactured  by  this  company,  together  with  many  other  large 
undertakings." 

Upon  completion  of  the  inspection  the  })arty  motored  to  the  town 
hall,  and  was  there  entertained  at  lunch  by  Messrs.  Cecil  and 
A.  Sidney  Hoskins.  After  full  justice  had  been  done  to  the  excellent 
repast,  Mr.  Cecil  Hoskins,  in  a  short  speech,  welcomed  members  to 
Lithf]^ow.  Mr.  G.  C.  Klug  responded  on  behalf  of  the  Institute. 
Mr.  J.  Ryan.  M.L.C.,  o[ave  the  toast  of  "  Local  Industries."  Meml^ers 
enthusiastically  joined  in  the  toast  with  mu.sical  honour.'i.  Mr. 
A.  Sidney  Hoskins  responded  on  behalf  of  the  Hoskins  Iron  and  St^el 
Co.  Ltd.,  and  Mr.  S.  R.  RadclifFe  for  the  Commonwealth  Small  .\rms 
Factory.  The  toast  of  ''  The  Mayor"  was  ])roposed  by  Mr.  KIul'  and 
acknowledged   by   Alderman   Evans, 

A  visit  of  inspection  was  then  })aid  to  the  Commonwealth  Small 
Arms  Factory,  under  the  guidance  of  the  manager  (Mr.  S.  Iv.  l\ad- 
cliffe),  assistant  manager  (Mr.  James  D.  Statton),  and  other  members 
of  the  staff.  There  members  made  the  most  of  the  limited  time  at 
their  disposal,  and  came  away  deeply  impressed  with  the  wonderful 
mechanism  employed  in   fashioning  weapons  of  war. 

The  bu.siness  meeting,  adjourned  from  Monday,  22nd  inst.,  was 
continued  at  TattersalTs  Hotel,  Lithgow,  at  8  j).m.  Discussion  was 
commenced  by  Mr.  J.  M.  Bridge  on  Mr.  I*.  H.  Warren's  paper, 
"  .Mechanical  Methods  of  .Allaying  Dust." 

Mr.  Clayton  advocated  investigation  into  improvements  in  rock- 
drill  steel  in  order  to  keep  pace  with  the  im])rovements  in  rock-drills. 

The  Chairman  invited  di.scu.ssion  ou  the  following  papers,  already 
in  the  hands  of  members  : — 

"  \  Proposed  Copjier  Metallurgical  Process,"  bv  P.  l^urbidge. 
"  Tlie  Artificial  Ventilation  of  the  Hroken  Hill  Proprictarv  Mine, 
X.S.W.,"    by   R.   T.   Slee. 


Ixx  MINUTES. 

'*  The  Use  of  Explosives  in  Steel  Works,"  by  E.  T.  Slee. 
"  Determination  of  Minute  Amounts  of  Lead  in  Water,"  by  D. 
Avery,  A.  J.  Hemingway,  V.  G.  Anderson,  and  T.  A.  Read. 
"  Ventilating   Metalliferous    Mines :    a    Method    of    Attack,"    by^ 

Thos.  G.  Hanton. 
"  Description   of   New   Plant  at  South   Mine,   Broken   Hill,"   by 
W.   E.   Wain  Wright  and  J.   C.  Cunningham. 
He  hoped  that  written  contributions  to  the  discussions  on  these  papers 
would  also  be  sent  in. 

Mr.  Poole  commenced  a  discussion  on  Mr.  Thos.  G.  Hanton's  paper, 
"  Ventilating  Metalliferous  Mines." 

The  Chairman  then  suggested  that  they  resume  discussion  on 
Institute  matters.  He  had  promised  to  give  Mr.  Poole  an  oppor- 
tunity of  bringing  forward  an  important  proposal  in  respect  to  the 
formation  of  the  branches. 

Mr.  Poole  then  moved — "  That  (a)  it  is  desirable  that  the  whole  of 
the  Commonwealth  and  New  Zealand  be  organized  into  branches  ; 
(b)  that  the  committees  of  each  branch  actively  watch  the  interests 
of  the  Institute  within  the  territory  of  the  branch,  and  to  report  to 
the  Council  such  matters  in  which  action  seems  desirable."  He 
considered  it  was  desirable  that  the  whole  of  the  Commonwealth  and 
New  Zealand  be  divided  into  branches.  Taking  New  South  Wales 
as  an  example,  he  said,  there  were  only  two  branches — Broken  Hill 
and  Sydney.  As  soon  as  any  area  became  sufficiently  strong  to  run 
an  active  committee  he  favoured  the  formation  of  a  branch  there. 
He  hoped  that  Newcastle  would  form  a  branch.  He  also  expressed 
the  hope  that  the  Council  would  urge  the  branches  into  activity. 
They  should  look  after  the  interests  of  the  Institute  and  endeavour 
to  secure  papers  for  general  discussion  from  men  residing  in  those 
areas. 

Mr.  A.  S.  Kenyon  seconded  the  motion.  He  said  they  had  found, 
from  the  initial  work  of  the  Institute,  that  it  was  necessary  to  have 
representation  in  the  various  mining  centres  away  from  the  head 
office.  He  believed  that  anything  they  could  do  to  increase  the 
number  of  })ranches  would  tend  to  increase  the  usefulness  and 
efTectiveness  of  the  Institute.  It  would  protect  the  ])rofessional  men 
in  the  mining  industrv  and  im|)rove   mining  operations  generally. 

Mr.  Waterhouse  said  he  would  support  the  motion  to  a  certain 
extent.      He  advocated  that    yearly   meetings  be   hchl   to  give    all 
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members  an  opportunity  of  confrrcgatin^  tocrether  and  disrussintj 
those  topics  which  vitally  interested  them.  He  was  in  favour  of 
holding  meetings  in  Sydney,  where  they  would  be  in  toucli  with  the 
t-echnical  authorities  and  the  teaching  profession  generally.  They 
would  also  be  able  to  get  the  students  from  the  University  and  the 
benefit  of  the  University  staff.  They  all  realized  that  the  curricula 
were  not  what  thev  should  be,  and  if  meetintrs  were  held  in  Svdnev 
he  believed  there  would  spring  up  a  closer  bond  of  sympathy  between 
the  members  of  the  Institute  and  the  teachers  at  the  colleges  and 
University. 

^Ir.  J.  M.  Bridge  said  that  wherever  there  was  a  band  of  enthusiasts 
he  would  sav,  Go  ahead  and  form  their  branch.  In  connection  with 
local  correspondents  he  considered  that  every  member  should  consider 
himself  a  local  correspondent.  Most  members  of  the  mining  pro- 
fession were  busy  men,  but  he  thought  that  if  they  came  across 
anything  of  importance  in  their  particular  State  or  district  they 
should  bring  it  under  the  notice  of  the  Council.  He  did  not  favour 
the  placing  of  any  restrictions  on  the  formation  of  branches. 

Mr.  Clayton  supported  the  views  expressed  by  Mr.  Bridge. 

Mr.  Donaldson  said  that  if  they  carried  the  resolution  into  effect 
he  considered  the  branches  should  arrange  gatherings  in  the  form 
of  annual  meetings  for  the  general  benefit  of  the  members.  He 
favoured  the  holding  of  annual  State  meetings  which  would  last, 
probably,  only  one  or  two  days.  A  meeting  of  two  days'  duration 
held  in  Sydney,  of  New  South  Wales  members,  would,  he  thought, 
be  conducive  of  much  good. 

Mr.  Hartwell  Conder  spoke  of  the  manner  in  which  the  mining  men 
of  Tasmania  were  scattered,  and  said  it  would  be  difficult  for  the 
men  of  the  Xorth-East  Coast,  for  instance,  to  attend  a  congress  held 
at  Lyell. 

Mr.  Wm.  E.  Hitchcock  advocated  the  formation  of  branches  in 
Tasmania. 

Dr.  Murphv  said  if  the  Institute  enlarged  its  activities  along  the 
lines  suggested  it  would  be  doing  the  right  service  to  the  Common- 
wealth. He  appealed  for  constructive  criticism  from  all  members  of 
the  Institute,  and  said  that  if  such  were  offered  it  would  be  much 
aj»preciated.  He  mentioned  the  difficulty  in  keeping  in  touch  with 
all  th»^  scientific  journals  which  were  being  pul)lished. 


Ix-^'i  MINUTES. 

^Ir.  D.  Avery  said  the  siipfgestion  to  hold  joint  meetings  had  already 
been  carried  out.  In  Melbourne  the  Chemical  Institute  had  joint 
meetings  with  other  societies  whenever  a  paper  of  mutual  interest 
was  submitted.  He  did  not  see  why  the  same  sort  of  thing  could  not 
be  introduced  into  their  own  branch.  The  speaker  was  not  at  all 
pessimistic  about  the  establishment  of  real  live  branches  in  the 
various  States. 

The  Chairman  said  he  was  a  little  diffident  as  to  whether  the  present 
system  would  be  improved  by  the  resolution  moved  by  Mr.  Poole. 
He  would  like  to  see  a  co-ordination  of  interest  between  their  own 
body  and  other  Institutes,  such  as  that  of  the  Engineers  and  the 
Australian  Institute  of  Chemists.  At  the  present  time  a  conference 
was  being  held,  and  they  hoped  to  be  able  to  get  the  respective  bodies 
to  agree  to  a  resolution  relative  to  the  formation  of  a  Federal  Council 
which  would  look  after  the  interests  and  the  welfare  of  the  professional 
men  in  the  mining  industry.  The  Melbourne  University  had 
recognized  the  value  of  the  Institute,  and  had  granted  them  repre- 
sentation on  the  engineering  faculty.  He  thought  it  was  up  to  the 
Sydney  University  to  follow  suit.  They  gave  full  credit  to  their 
members,  such  as  those  at  Broken  Hill,  for  coming  forward  with 
valuable  contributions  in  the  w^ay  of  papers,  and  he  was  of  opinion 
that  others  would  follow  the  lead  as  soon  as  the  industry  imj^roved. 
If  it  was  the  wish  of  the  members,  the  speaker  was  sure  the  Council 
would  welcome  the  proposal  of  Mr.  Poole's  and  put  it  to  the  ])ractical 
test.  There  was  no  great  difficulty  about  having  State  branches, 
but  he  thought  that  annual  meetings  of  members  from  the  various 
States  was  better  than  having  their  own  State  meetings.  They 
could  have  the  former  if  it  was  desired,  but  his  o])inion  was  that  better 
results  would  accrue  by  having  visits  from  other  State  members,  as 
it  would  give  everyone  an  opportunity  of  discussing  matters  affecting 
their  own  particular  State.  The  Chairman  concluded  by  expressing 
the  opinion  that  the  present  system  would  be  hard  to  improve  upon. 

Mr.  Donaldson  submitted  an  amendment  that  the  Council  be  asked 
to  consider  the  j)OSHibility  of  holding  annual  meeting  of  members  in  the 
various  States  in  addition  to  the    annual  meeting  of  the   Institute. 

The  Chairman  pointed  out  that  the  amendment  was  in  reality  a 
separate  motion. 

The  motion  was  then  j)Ut,  and  carried. 


MIN'QTES.  Ixxiii 

Mr.  Clayton  asked  leave  to  bring  several  matters  before  the  meeting. 
He  wanted  to  know  if  they  had  any  means  of  keeping  in  tourli  with 
the  Bureau  of  Science  and  Industry  in  regard  to  matters  which 
affected  the  mining  industry.  He  said  the  Institute  was  within  its 
rights  in  asking  for  representation  on  any  Royal  Commissions  appointed 
by  the  Government  in  connection  with  the  mining  industrv. 
Recently  a  commission  was  appointed,  and  the  Institute  did  not 
approach  the  Government  with  a  view  to  representation.  He  thought 
they  should  move  in  the  matter. 

The  Chairman  said  Mr.  Clayton  had  put  a  couple  of  very  pertinent 
questions  before  them.  In  connection  with  representation  on  Royal 
Commissions,  he  said  that  the  Federal  Council,  when  it  was  formed, 
could  assist  them  in  obtaining  such  representation. 

In  closing  the  meeting,  the  Chairman  conveyed  to  Messrs.  Radcliffe 
and  Statton  the  thanks  of  members  for  their  courtesy  in  showing  the 
visitors  over  the  Small  Arms  Factory  that  afternoon. 

Wednesday,  24th  August,  1921. 

Leaving  Lithgow  at  9  a.m.,  members  motored  to  Portland,  a 
distance  of  16  miles,  for  the  purpose  of  inspecting  the  works  of  the 
Commonwealtli  Portland  Cement  Co.  Ltd.  There  they  were  met  by 
Mr.  F.  S.  Symonds  (general  manager),  Mr.  F.  Saville  (works  manager), 
and  members  of  the  company's  stal^',  under  whose  guidance  a  thorough 
inspection  was  made  of  the  quarries,  dryer  shed,  raw  mill,  mixing- 
houso,  rotary  kilns,  cement  mill,  cement  silos,  })ower  ])lant,  laboratory, 
railways,  etc.  The  party  was  entertained  by  the  company  at  lunch, 
presided  over  by  Mr.  Symonds,  who  gave  members  a  very  hearty 
welcome.  Mr.  G.  C.  Klug  very  cordially  thanked  the  company  for 
its  hospitality.  A  return  was  then  made  to  Lithgow,  and  the  3.12  |).m. 
train  ])oarded  for  Sydney. 

Thursd.w,  25th  August,  1921. 

At  9.15  a.m.  a  special  tram  conveyed  members  to  the  Australian 
Klectric  Steel  Company's  works,  Mit(hell-.street,  Alexandria,  where 
iM  interesting  morning  was  spent  in  viewing  the  mamifacture  of 
high-grade  steel  castings,  forgings,  and  ingots  in  carbon  and  alloy 
-trols,  etc. 
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After  liiiuh  the  party  proceeded  by  the  1.25  ]).in.  train  to  Rliodes, 
and  thfre  inspected  the  white-lead,  paint,  and  varnish  works  of  Lewis 
Berger  and  Sons  (Australia)  Ltd.  Here  members  were  much  im- 
pressed with  the  great  attention  paid  to  industrial  hygiene. 

The  Institute  dinner  was  held  at  7  p.m.  in  the  Burlington  Cafe, 
Oeorge-street.  Mr.  G.  C.  Klug  presided.  The  guests  were  the  Hon. 
Oeorge  Cann,  Minister  for  Mines  ;  Mr.  W.  J.  Newbigin,  President 
Institution  of  Engineers,  Australia  ;  Mr.  D.  F.  J.  Harricks,  Chairman, 
Sydney  Division  Institution  of  Engineers  ;  and  Mr.  F.  B.  Guthrie, 
Chairman  N.S.W.  Branch  Australian  Chemical  Institute. 

After  an  excellent  dinner  the  toast  of  "  The  King  "  was  loyally 
drunk,  and  the  toast  of  "  Our  Fallen  Comrades  "  was  honoured  in 
fsilence. 

The  Chairman  then  proposed  "  The  Mining  Industry."  In  choosing 
Mr.  George  Cann  as  Minister  for  Mines,  he  said,  the  Storey  Government 
Tiad  chosen  a  man  of  practical  experience,  integrity,  and  ability. 
The  Institute  had  not  been  disappointed  in  its  trip  to  Sydney,  for  it 
had  seen  a  number  of  the  industries  allied  to  mining.  Australians 
Avould  have  to  find  means  for  increased  production  in  order  to  repair 
the  ravages  of  war.  One  way  was  in  training  the  rising  generation 
of  technical  men  to  make  them  as  efficient  as  possible,  that  they 
might  com])ete  acrainst  the  men  of  other  countries.  Secondary 
industries  could  not  survive  if  the  primary  industries  were  killed. 
He  was  sure  that  in  the  Hon.  George  Cann  the  mining  industry  had 
a  firm  advocate  and  a  conscientious  administrator. 

The  Hon.  George  Cann,  in  responding,  quoted  figures  showing  the 
past  greatness  of  the  mining  industry  of  the  State,  and  said  he  was 
«ure  that  mining  had  a  glorious  possibility  before  it.  Strikes  were 
a  curse  in  every  industry.  The  New  South  Wales  Mines  Department 
was  doing  what  it  could  to  lid))  mining.  The  various  industrial 
minerals  were  being  given  particular  attention,  and  rej)orts  on  a 
number  of  them  were  being  ])re])ared.  Mr.  E.  C.  Andrews  was 
prfparing  a  r**})ort  r)n  Broken  Hill.  The  mining  companies  had  con- 
tributed liberally  to  the  cost  of  making  that  survey.  It  was  obvious 
that  prospecting  must  be  carried  out  in  a  more  scientific  way  than  it 
had  been  in  the  past.  There  were  large  areas  of  wild  and  geologically 
unknown  country  in  the  State,  but  these  were  going  to  be  thoroughly 
•e.xamined.     An  excellent  seam  of  coal  had  lately  been  discovered  on 
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the  Southern  railway  line.  Efforts  were  being  made  to  obtain  a  l)Ptter 
type  of  safety  lamp  for  coal  mines,  and  he  proposed  to  bring  a  Bill 
before  Parliament  at  an  early  date  for  the  improvement  of  working 
conditions  in  collieries.  There  was  a  profit  of  £65,000  on  the  Mines 
Department  of  New  South  Wales  last  year,  and  he  wished  that  he 
could  si)end  the  whole  of  that  j)roftt  for  the  next  three  years  on  helping 
the  mining  industry. 

Mr.  G.  H.  Blakemore  proposed  "  Kindred  Institutes,"  to  which 
Messrs.  W.  J.  Xewbigin,  D.  F.  J.  Harricks,  and  J.  B.  Guthrie 
responded.  In  the  course  of  his  speech  Mr.  Harricks  expressed  great 
satisfaction  that  during  the  visit  of  the  Australasian  Institute  of 
Mining  and  Metallurgy  to  Sydney  a  definite  position  had  been  reached 
with  regard  to  the  formation  of  an  Engineering  Council.  The 
importance  of  the  work  of  such  a  federation,  he  said,  could  hardly 
be  exaggerated. 

Mr.  F.  Danvers  Power  amused  the  party  with  several  very  humorous 
reminiscences  of  mining  in  Australia. 

The  toast  of  "  The  Chairman  "  was  given  by  Mr.  \Vm.  Poole  and 
enthusiastically  honoured. 

Mr.  Klug,  in  responding,  expressed  his  pleasure  at  the  privilege  of 

presiding  at  the  dinner  and  throughout  the  meeting,  which,  he  said, 

was  characterized  by  one  of  the  most  important  events  in  the  history 

of  professional  men  in  Australia — viz.,  the  formation  of  a   Federal 

Council    representing   the    Institution    of    Engineers,    the   Australian 

Chemical    Institute,   and   the   Australasian   Institute   of   Mining   and 

Metallurgy. 

Friday,  26th  August,  1921. 

A  start  was  made  from  the  Central  Railway  Station  (Sydney)  by 
the  8.20  a.m.  train  for  Port  Kembla  in  a  sj^ecial  observation  (ar 
provided  by  the  Railway  Commissioners.  r|)on  arrival  at  Port 
Kembla  the  party  was  met  by  Mr.  E.  A.  White,  the  manager  of  the 
Kh'ctrolvtic  Refining  and  Smelting  Company  of  Australasia  Ltd., 
.Mr.  Sclbv  Davidson  (assistant  numager),  Mr.  Greenwood  (manager, 
Metal  Manufactures  Ltd.),  and  other  members  of  the  stafi  of  these 
companies.  An  inspection  of  the  Electrolytic  Refining  and  Smelting 
Company's  works  was  made  before  lunch.  Each  visitor  was  supplied 
with  a  How-.sheet,  by  which  the  treatment  of  the  ore  from  its  reception 
in  the    yard  to  the    refinery  dej)artment    could   be    n^adily  traced. 
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Members  wore  then  entertained  by  the  company  at  a  splendid  lunch 
in  the  town  hall.  After  lunch  the  inspection  of  the  Electrolytic 
Retininii  and  Smelting  Company's  works  was  completed,  under  the 
t?uidance  of  Mr.  E.  A.  White,  Mr.  Selby  Davidson,  Mr.  S.  C.  Jones 
(enirineer).  Mr.  H.  Rickleman  (refinery  superintendent),  and  Messrs. 
8.  Walmsley  and  P.  Harvey  (assayers). 

The  works  of  Metal  Manufactures  Ltd.  were  inspected,  the  following 
acting  as  guides  r— Mr.  H.  P.  Greenwood  (manager),  Mr.  J.  P.  Caddy 
(assistant  manager),  Mr.  F.  Barnett  (superintendent,  cable  factory), 
and  Mr.  J.  B.  Shaw  (superintendent,  tube-mill  department).  Here 
were  seen  the  j)rocesses  of  manufacture  of  all  classes  of  bare  copper 
wire  and  cable,  cotton-covered  wire,  rods,  strips,  and  shaped  sections, 
and  solid  drawn  copper  and  brass  tubes.  The  following  summary 
of  the  points  of  interest  in  these  works  was  supplied  to  each  member 
of  the  party  : — 

•■  This  company  manufactures  all  classes  of  bare  copper  wire  and  cable,  cotton- 
covered  wire,  rods,  strips,  and  shaped  sections,  and  solid  drawn  and  copper  and 
hraws  tulx?s.  The  copper  used  is  obtained  from  the  Electrolytic  Refining  and 
Smelting  Co..  who  receive  the  blister  copper  mainly  from  the  large  copper  mines 
of  Australia,  refine,  and  cast  it  into  various  commercial  siiapes. 

"  Rolling  Mill. — The  ordinary-sized  wire-bar  is  3i  in.  sq.  x  3  ft.  long,  and 
weighs  alx)ut  140  lb.  Larger  wire -bars  are  sometimes  used  for  special  work, 
as  the  manufacture  of  trolley  wire,  etc.  These  bars  are  heated  to  a  red  heat  and 
then  passed  through  a  series  of  rolls,  which  reduces  them  to  about  700  ft.  of  ^-in. 
diam.  rod.  This  '  black  rod  '  is  pickled  in  acid  to  remove  the  scale,  and  then 
sent  to  the  wire-drawing  machines. 

■•  Tandems. — These  machines  reduce  the  ^-in.  rod  to  wire  down  to  .050  in. 
diam.  by  drawing  it  through  a  series  of  dies  arranged  to  give  a  definite  relative 
reduction  to  the  size  required.  The  product  is  either  used  as  bare  wire,  stranded 
into  caVjles,  covered  with  cotton,  or  drawn  into  finer  wires. 

"  Cones. — Here  the  wire  from  the  tandems  is  further  reduced  to  various  sizes 
down  to  .018  in.  diam.  A  wire-bar  weighing  140  lb.,  when  drawn  into  wire  of 
this  .size,  would  measure  over  25  miles  in  length. 

■'  Hlrjfk^. — These  machines  are  used  for  making  special  high  tensile  wire,  as  used 
for  t<-lephone  lines,  rectangular  and  square  wire,  and  small  sizes  of  strij),  etc. 

"  Drau-fjench. — Rods,  bars,  strips,  and  special  sections  arc  made  by  drawing 
the  coppr-r  through  a  series  of  dies  on  this  machine. 

'"''  Stranders. — There  arc  four  stranding  machines  in  operation;  u  new  lU-wire 
fltrander  and  a  rope-laying  machine  are  being  installed.  In  this  dej)artment 
all  8iz/-s  of  cables  are  manufactured,  composed  of  .'{,  7,  \\),  :i7,  <il.  \)\,  or  127  wires 
of  variouM  gauges. 

'"  Bri/jht  Annealing  Fumnrc.~\[  the  copper  is  required  \u  be  aiuieahd  without 
oxidizing  the  surface,  it  is  pa-s.scd  thnnigh  lliis  fiirnaee.     An  eriflle.ss  chain  carries 
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the  copper  through  a  water-sealed  muffle  tilled  with  a  reducing  atmosphere,  kept 
at  a  temperature  of  about   1000^  Fahr. 

'•  Cotton  Covering. — In  this  department  the  wire  or  strip  is  covered  with  a  single 
or  double  layer  of  cotton,  as  required.  This  material  is  used  mainly  in  the 
construction   of  djmamos  and   motors. 

"  The  solid  copper  billets  obtained  from  the  Electrolytic  Refining  and  Smelting 
Company  arc  about  4  ft.  long,  and  vary  in  diameter  from  '2\  in.  to  <)  in.  The 
brass  billets  cast  in  our  own  foundry  are  solid  for  GO  40  brass  and  hollow  for  other 
mi.xtures.     The  zinc  used  is  obtained  from  the  Electrolytic  Zinc  Co.,  Tasmania. 

■  Bilht  Piercing. — The  copper  and  GO  40  brass  billets  are  heated  in  a  producer- 
gas  furnace  and  then  passed  through  the  piercing  machine,  from  which  they 
come  out  as  hollows,  with  a  wall  thickness  of  from  \  in.  to  \  in.  On  entering 
the  machine  the  red-hot  billets  are  grij)ped  1>etween  tw(i  rolls,  which  rotate  them 
rapidly,  at  the  same  time  causing  them  to  travel  forward  over  a  steel  plug,  which 
gives  the  required  inside  diameter  to  the  hollow. 

■'  Tube  Drawing. — The  hollows  are  now  taken  to  the  drawbenches,  wiure  they 
are  drawn  over  plugs  or  mandrel  l>ars  and  through  dies  until  required  diameter 
and  wall  thickness  is  obtained.  The  tube^  are  annealed  after  each  pass,  the 
numVjer  of  passes  varying  in  accordance  with  the  size  of  tube  and  wall-thickness 
required.  The  diameter  of  tubes  manufactured  varies  from  \)  in.  to  J  in.,  and 
the  wall  thicknesses  from  .5  in.  to  .02  in.  All  tubes  are  carefully  insi)ected  for 
flaws  and  subjected  to  hydraulic  pressure  before  leaving  the  factory. 

•'  Tinning. — For  some  purposes,  such  as  milking  machinery,  tinned  tulx-s  are 
required,  and  these  arc  made  by  dipping  copper  or  brass  tulx'S  into  a  l»ath  of 
molten  tin  and  then  wiping  off  the  surplus  metal. 

■'  Wire. — One  of  the  i)rincii)al  uses  for  bare  copper  wire  is  for  toleplione  lines, 
and  this  company  supplies  the  whole  of  the  requirements  of  the  Commonwealth 
for  this  material.  Round  wire  is  also  supplied  for  many  and  varied  puriK»se8, 
as  small  power-transmission  lines,  piano  manufacture,  and  general  hardware 
purposes. 

■  Trolley  wire  of  different  sections  is  supplied  for  railway  and  tramway 
systems.  Square  wire  is  made  for  nail  manufacturers  and  rectangular  wire  for 
the  manufacture  of   Ix-lting,  etc. 

"  Bars,  Bods,  and  Strips. — This  form  of  cop|x^r  is  used  for  the  construction  of 
electrical  machines,  switchboards,  and  switch  gear.  Special  sections  are  re(|uired 
for  commutator  bars,  pantagraph  strip,  controller  fingers  and  tips,  etc. 

'"Cables. — Hard-drawn  bare  cable  is  supplied  for  [wwer-transmission  lines  to 
councils,  shires,  power  stations,  mining  and  industrial  companies,  and  State 
Departments. 

"  ru^t*.— The  principal  consumers  <»f  copi^r  tubes  are  the  Railway  Depart- 
ments, who  use  the  tulx,'8  in  their  locomotives.  These  tubes  have  to  undergo 
very  rigid  tests  before  acceptance.  CopiK-r  and  bras,s  tubes  are  also  used  for 
f(H;d  pi|H's,  cr»ilH,  and  general  hardware  puriMJses.  The  m(»st  ijnportant  use  for 
brasH  tulK58  is  for  condensers,  and  the  company  supplies  large  (|uantjtie8  of  tubes 
for  this  purpose." 

'2  A 
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The  works  of  the  Austrahan  Fertilizer  Pty.  Ltd.  were  then  inspected, 
under  the  guidance  of  Mr.  A.  J.  Craig  (works  manager)  and  other 
members  of  the  staf^'.  Flow-sheets  of  the  acid  plant  and  of  the 
su|)erpl^psphate  plant  were  provided. 

A  return  was  made  by  the  5.20  ]).in.  train  to  Wollongong,  where 
again  members  met  with  another  example  of  the  hospitality  of  the 
Electrolytic  Refining  and  Smelting  Co.  Tlie  whole  party  sat  down  to 
a  sumptuous  dinner.  Mr.  E.  A.  White,  acting  as  host,  expressed 
pleasure  at  the  opportunity  afforded  him  of  welcoming  members  of 
the  Institute  and  of  meeting  brother  engineers  and  metallurgists  from 
other  parts  of  Australia. 

Mr.  G.  C.  King,  in  a  suitable  speech,  acknowledged  the  compliment 
which  the  company  had  paid  the  Institute.  His  remarks  were  very 
heartily  supported  by  every  member  of  the  jiarty  rising  and  giving 
the  toast  of  "  The  Company  "  with  musical  honours. 

A  return  was  then  made  to  Svdnev,  which  city  was  reached  at 
10.23  p.m. 

Saturday,  27th  August,  1921. 

Leaving  Sydney  by  the  8.37  a.m.  train  for  Burwood,  and  then 
taking  a  tram  to  Mortlake,  members  visited  the  works  of  the  Aus- 
tralian Gaslight  Company,  of  which  Mr.  H.  Tindale  is  manager.  Here 
an  inspection  was  made  of  the  gas  works,  tar-distilling  plant,  methods 
of  handling  coal  from  ships  and  on  land,  etc.,  Messrs.  J.  Dreverman 
(works  chemi.st)  and  E.  V.  Capper  (by-products  chemist)  acting  as 
guides.  A  return  to  Sydney  in  time  for  lunch  terminated  one  of  the 
most  successful  and  important  meetings  which  the  Institute  has  held. 
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OF    THE    EXECUTIVE    COMMITTEE. 


(Summary.) 

July  18th,  1921.— 5  p.m.  (Special  Meeting). 

A  suggestion  was  submitted  from  the  Broken  Hill  Brancli  that 
the  Institute  should  conduct  investigations  with  a  view  to  bringing 
about  the  necessary  improvements  required  in  rock-drill  steel  which 
are  now  so  much  desired,  to  be  in  kee])ing  with  the  great  advance  in 
rock-drilling  machines.  The  cost  of  such  investigation  was  estimated 
at  £2000,  and  the  time  occupied  about  six  months.  The  suggestion 
was  adopted,  and  it  was  resolved  that  the  Australian  Metal  Exchange 
be  asked  to  give  the  financial  support  necessary  to  carry  out  the  work. 

A  revised  programme  of  the  First  Ordinary  Meeting  1921  (Svdnov) 
was  submitted  and  api)roved.  Directions  were  given  regarding  tlie 
issue   of   programmes   and   invitations. 

Resolved  that,  as  provided  by  the  Articles  of  As.sociation.  a  ballot 
be  taken  to  decide  which  members  of  Council  retire  during  1921. 
It  was  decided  that  such  ballot  take  })lace  at  a  Special  Meeting  on 
Friday,  22nd  inst.,  at  1  ]).m.,  when  the  form  of  notice  re  election  of 
i^resident  and  Council   would   l)e  derided  upon. 


July  22ni),  1921.-  1   p.m.  (Si)ecial  Meeting). 

A  ballot  was  conducted  to  determine  which  members  of  the  Council 
should  retire  during  1921.  In  conducting  the  ballot  due  regard  was 
given  to  the  representation  each  State  was  entitled  to.  As  a  result 
of  the  ballot  the  following  were  declared  to  be  the  retiring  members: — 
^lessrs.  W.  H.  Corbould.  Colin  Fraser,  H.  W.  Oepj),  James  He])bard, 
H.  Li})S()n  Hancock,  H.  Herman,  A.  S.  Kenyon,  (i.  C.  King.  J.  AV. 
Sutherland,   \V.   E.   Wainwright,   D.   B.   Waters,  and  George  Weir. 

Form  of  notice  re  election  of  President  and  Council  was  submitted 
and  a])proved. 


August  15th,  1921. — H  p.m. 

The   Treasurer's  report  was   ])resented,   and   showed   that   receipts 
since  last   meeting  were— subscri))tions,  £97    Is.  :  interest,   £9  7s.  fid 
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Accounts  to  the  amount  of  £170.  includinp;  advance  expenses, 
Sydney  meeting,  £50  ;  salaries  and  rent  for  May  and  June,  £50  ; 
printing,  £41  :  process  blocks.  £12  ;  postage,  etc.,  £13 — were  passed 
for  payment. 

Nominations  as  follow  were  approved  : — As  Member— Samuel  George 
Turrell.  As  Associate  Members — Dudley  Sawtell  Lawrence  and 
Thomas  Lindsay  Wilson.  As  Junior— Carl  August  Schache.  As 
Students— Max  Roland  Goldick.  Theodore  W.  Tobe,  Frank  Watts, 
Cecil  W.  Wicks. 

Resignation  of  A.  Wauchope.  on  account  of  his  having  severed  his 
connection   with   the   mining   industry,   was  accepted  with  regret. 

Papers  as  follow  were  submitted  and  referred  to  the  Publication 
Committee  :— Concentrating  Plant  of  the  Broken  Hill  South  Limited, 
by  Messrs.  W.  E.  Wainwright  and  T.  A.  Read  ;  Investigations  into 
Underground  Efficiency,  by  Thos.  G.  Hanton  ;  Determination  of 
Minute  Amount  of  Lead  in  Water,  with  Notes  on  Certain  Causes  of 
Erorr.  bv  Messrs.  David  Avery,  H.  L.  Hemingway,  and  V.  G.  Anderson 
and  T.  A.  Read. 

The  resignation  of  ;\Ir.  F.  W.  K.  Godden  as  local  correspondent 
for  Western  Australia  was  accepted  with  regret,  and  his  recommendation 
in  regard  to  filling  the  po.sition  was  referred  to  the  Kalgoorlic  Branch. 

The  Secretary  was  instructed  in  regard  to  making  arrangements 
for  a  ])reliminarv  conference  on  the  subject  of  the  formation  of  an 
Engineering  Council. 

Progress  was  reported  in  respect  to  arrangements  for  the  First 
Ordinary   Meeting,   1921. 

Resolved  that,  in  the  event  of  there  not  being  a  quorum  of  the 
full  Council  at  the  Sydney  meeting,  a  business  meeting  of  members 
be  held  to  discu.ss  certain  subjects. 

A  report  in  regard  to  the  proposal  that  the  Institute  conduct  an 
investigation  into  the  selection  and  treatment  of  drill  steel  was  sub- 
mitted, and  decision  deferred  j)ending  some  satisfactory  arrange- 
ment for  financing  the  scheme 

It  was  suggested  that  an  effort  be  made  to  secure  cmj)loyiiiciit  for 
disengaged  engineers,  metallurgists,  etc.  It  was  considered  that 
In.stitutes  representing  the  various  industries  (ould  render  mutual 
assistance.  Resolved  that  the  matter  }»c  referred  for  discussion  to 
the  conference  re  Engineering  Council. 
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September  5th,  1921. — 8  p.m. 

The  Hon.  Treasurer's  report  was  submitted,  and  showed  that 
receipts  since  last  meeting  totalled  £44  10s.  9d. 

Accounts  to  the  amount  of  £54,  including  printing,  £15,  and  legal 
advice,  £32,  were  passed  for  payment. 

The  following  were  elected  to  the  Institute  : — As  Member — Mr. 
Samuel  George  Turrell.  As  Associate  Members— Messrs.  Thos.  Lindsay 
Wilson  and  Dudley  Sawtell   Lawrence. 

A  report  of  the  First  Ordinary  Meeting,  1921  (Sydney),  was  sub- 
mitted, and  directions  given  regarding  its  inclusion  in  the  Proceedings. 

A  recommendation  from  the  Sydney  meeting,  that  the  First 
Ordinary  Meeting,  1922,  be  held  at  Port  Pirie.  was  submitted,  and 
deferred  for  consideration  till  early  in   1922. 

A  further  recommendation  from  the  Sydney  meeting^ — viz.,  that 
the  whole  of  the  Commonwealth  and  New  Zealand  be  organized  into 
Branches— was  submitted,  and  referred  to  a  special  sub-committee 
ft)r  rej)ort. 

It  was  rejiorted  that  the  following  nominations  to  fill  the  vacancies 
caused  by  the  retiring  President  and  Members  of  Council  were 
received  :-  President-  G.  C.  Klug.  Council-  Colin  Fraser.  \\  .  K. 
Wainwright,  A.  S.  Kenyon,  and  James  Hebbard  (Australasia)  ;  (".  C. 
Freeman  and  F.  Danvers  Power  (N.S.W.)  :  H.  Herman  (Vic.)  ;  W.  TL 
Corbould  (Q.)  ;  H.  Lipson  Hancock  (S.A.)  ;  J.  W.  Sutherland  (W.A.)  ; 
H.   W.  (iepp  (Tas.);  D.   B.   Waters  (N.Z.) 

.Mr.  H.  A.  Evans  was  appointed  a  member  of  Council  in  place  of 
Mr.  C.  F.  Courtney  (retired). 

Recommendations  from  the  conference  held  in  Sydney  during  the 
First  Ordinary  Meeting  on  the  subject  of  the  ])roj)()sed  Federal 
Kngineering  Council  were  submitted  by  the  Institute's  delegates. 
It  was  decided  that  copies  of  these  recommendations  be  forwarded  to 
all  members  of  the  Institute,  with  a  recommendation  that  they  vote 
f<»r  their  acceptance.  It  was  then  resolved  that  an  Extraordinary 
(i«*ncral  .Mc»*ting  be  held  on  2Sth  November   to  examine  the  ballots. 

|{('solved  that  Universities  and  Schools  of  Mines  be  advised  of  the 
<  ounfirs  flecision  to  donate  |)rizes  of  £10  for  the  best  paper  con- 
tributfMl    by   student-members  in  each   State  during  1921. 

It    was   reported   that  two  applications  for  Frecheville  Fellowshi|>ft 

had   bern   received  and    forwarded  to  the    Secretary  of  the   ImiH'rial 

<^olIeg«'   of   Science   and    Technologv. 
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NOTICES. 

The  rooms   of  the   Institute   are   open    from  9  a.m.    to  5  p.m.    daily,  except  Sundays  ami 
Public  Holiays. 

MEMBERSHIP. 

Since  the  issue  of  Proceedings  No.  42  the  following  have  been 
admitted  to  the  Institute  : — 

Member. 

Names  and  Addresses. 

TuRRELL,  Samuel  George,  13  Boulder  Road,  Kalgoorlie,  W.A. 

Associate  Members. 

Lawrence,  Dudley  Sawtell,  c/o  Broken  Hill  Pty.  Ltd.,  Newcastle, 

N.S.W. 
WiLLAN,  Thomas  Lindsay,  Department  of  Mines,  Sydney,  N.S.W. 

Junior. 
Schache,  Carl  August,  Jung  North,  Vic. 

Students. 

GoLDiCK,  Max  Roland,  1   Somerset  Place,  Norwood,  S.A. 
ToBE,  Theodore  William,  The  University,  Melbourne,  Vic. 
Watts,  Frank,  14  Gillies  Avenue,  Haberfield,  Sydney,  N.S.W. 
Wicks,  Cecil  William,  3  Anderson  Street,  Marrickville,  N.S.W. 

FIRST   ordinary    MEETING,    1922. 

A  recommendation  from  the  Sydney  meeting,  held  in  Awgust  last, 
that  the  First  Ordinary  Meeting,  1922,  be  held  at  Port  Pirie,  has  been 
submitted  to  the  Council,  and  an  announcement  thereon  will  be 
made  early  in  1922. 

branches. 

A  recommendation  was  made  at  the  First  Ordinary  Meeting,  1921, 
that  a  special  effort  be  made  to  establish  more  Branches  throughout 
Australasia.  A  special  committee  has  been  appointed  to  carry  out 
this  recommendation.  The  Council  urges  all  members  to  assist  in 
thus  extending  the  work  and  usefulness  of  the  Institute  to  all  parts 
of  Australasia. 
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FEDERAL   ENGINEERING    COUNCIL. 

The  following  resolutions  were  adopted  at  a  conference  of  delegates 
of  the  Australasian  Institute  of  Mining  and  Metallurjiv,  Institution 
of  Encrineers  (Australia),  and  the  Australian  Chemical  Institute,  hold 
in  Sydney  on  22nd  and  25th  August : — 

(1)  That  a  Federal  Council  be  formed  by  representatives  of  the  Institution 

of  Engineers  (Australia),  the  Australian  Chemical  Institute,  and  the 
Australasian  Institute  of  Mining  and  Metallurg\',  hereinafter  referred 
to  as  the  constituent  bodies,  and  that  the  name  of  tlie  Council 
shall  be  "  The  Federal  Engineering  Council,  Australia."  Subject 
to  the  unanimous  approval  of  the  Councils  of  all  the  constituent 
bodies,  other  Federal  Technical  Institutions  may  })e  admitted  to 
membership. 

(2)  That  the  objects  of    the  Council  shall  be  to  consider    and  act  upon 

matters    of    common   concern   to   the   technical   professions    and   to 

co-ordinate  the  activities  of  the  bodies  represented  on  all  questions 

of  national  and  general  importance. 
(.3)  That  the  Council  shall  consist  of  three  representatives  from  each  of 

the  constituent  bodies,  such  representatives  to  be  elected  annually. 
(4)  That  the  Council  shall  elect  a  President  from  amongst  its  nunilH-rs, 

and  shall  appoint  such  officers   and  make  such  rules  for  the  conduct 

of  its  business  as  may  be  found  necessary.     The  Council  shall  elect 

its   President  within   month  of  taking  office. 
{'))  That  the  headquarters  of  the  Council  shall  be  Sydney. 
(li)  That  the  Council  shall  have  no  jurisdiction  over  the  internal  uflFairs 

of  any  constituent   body,   ])ut   its  decision  upon  matters  referred   to 

it  for  decision  by  the  whole  of  the  constituent  bodies  shall  bt-  adopt*  «l 

by  all  such   bodies. 

(7)  That  the  Council  shall  meet  to  deal  with  any  question  wliicli  may  lie 

referred  to  it  by  any  constituent  l)ody,  and  in  any  case  shall  meet 
at  least  once  annually.  Where  a  representative  is  unable  to  attend 
.Tfny  meeting  of  the  Council,  the  constituent  body  that  hr  represent 
shall  have  power  to  appoint  a  substitute  for  that  m»-eting. 

(8)  That  notice  of    any  question  referred  to  the  Council  by  one  of    the 

constituent  l)odie8  must  Ix*  forwarded  to  the  Secretary  of  each  of 
the  other  constituent  bodies  at  lejiwt  one  month  In-fore  the  meeting 
of  the  Council  at  which  the  question  is  to  be  discussed;  thi< 
period  may  be  varied  only  with  the  consent  of  all  the  constituent 
Ixxlies. 

(9)  That  the  constituent  bodies  shall  meet  the  cost  of  the  Federal  C^mncil 

in  eqiial  proportions,  and  it  is  considered  that  the  contrilmtion  should 
not  exceeed  £2')  jn-r  annum  from  each  constituent  Ixuly.  The 
travelling  expenses  of  delegates  shall  lx>  met  by  their  rc«pectivo 
institutions. 
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(10)  Tliat  any  constituent  body  may  withdraw  from  the  Council  by 
giving  twelve  months'  notice,  and  after  the  expiry  of  that  period 
it  shall  be  relieved  of  all  further  obligations  to  the  Council. 

These  resolutions  have  been  forwarded  to  members  in  Circular  No.  5, 

1921,  for  ballot,  with  a  recommendation  that  they  vote  in  favour  of 

adoption. 

students'  prizes,  1921. 

The  Council  has  decided  that  during  1921  prizes  of  £10  will  be 
awarded  to  student  members  in  each  State,  subject  to  the  following 
conditions  : — 

1.  The  c<)m|X'tition  shall  be  open  to  students  who  are  at  present  members  of 
the  Institute  or  who  may  join  during  1921. 

2.  The  subjects  on  which  e-ssays  may  be  written  include  Mining,  Metallurgy, 
and  (leology. 

3.  PajKTS  may  be  illustrated.  l)ut  the  illustrations  must  be  original — i.e., 
not  copies  from  existing  ones. 

4.  The  manuscript,  with  any  drawings,  etc.,  should  be  posted  to  reach  the 
head  ofHce  of  the  Institute  not  later  than  31st  Januarj-,  1922. 

.").  Papers  will  be  examined  and  the  award  made  by  a  committee  of  three 
gentlemen  ap])ointed   by  the  Council  of  the  Institute. 

(i.  Kach  paper  must  be  signed  by  a  no}n  de  plume  only,  the  author's  name 
and  address  to  be  enclosed  in  a  separate  envelope. 

7.  The  jjrizes  will  consist  of  books  f)r  instruments  to  be  selected  bj'  the  authors 
of  the  ^successful  pajxrs. 

PUBLICATIONS. 

Pa]jers  a])pearing  in  this  issue  are  : — 

PAPEKSS  -Nutt-s  on  Tungsten,  with   Particular    Ileference  to   King  Island 

.Scheelite  Treainjent  itnti  Afsays   of  Low-grade  Material.      By   Herbert 

I^ivei.K. 
Ventilating  Metalliferous  Mines  :  a  Method  of  Attack.    l>y  'I'hos.  G.  Ilauton. 
Deternjinntion  of  Minute  Amounts  of  Lea'l  in  Water,  with  Notes  on  Certain 

('uuxes  of  Erior.     By  I).  Avery,  A.  J.  Hemingway,  V.  G.  Anderson  and 

T.  A.  lUa.l 
Descriptinn  of  New    Plant  at  South  Mine,  Broken   Hill,       By  VV.  E.  Wain- 

wrighi  and  .1.  C.  Cunningham. 
DISCUSSION— .MechanicMl  Methods  «f  Allaying  Dusi  (P.  H.  Warren). 

Writt«'n  contributions  to  the  discussion  on  these  papers  ar<'  invited. 

ELECTION    OF    PRESIDENT    AND    COl'NCIL. 

As  nominations  received  to  fill  vacancies  caused  by  the  retiring 
President  and   members  of    Council   (as  per  Circular  No.  4)  do    not 
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exceed  the  number  required,  the  following  are  elected,  and  take  office 
from   1st  January,   1922  :— 

President. — G.  C.  Klug. 

Council. — Australasia — Colin     Fraser,     James     Hebbard,     A.     S. 
Kenyon,  and  W.  E.  Wainwright. 

X.S.W. — C.  C.  Freeman  and  F.  Danvers  Power. 

Victoria. — H.  Herman. 

Queensland — W.  H.  Corbould.  % 

South  Australia — H.  Lipson  Hancock. 

Western  Australia — J.  W.  Sutherland. 

Tasmania — H.  W.  Gepp. 

New  Zealand— Professor  D.  B.  Waters. 

FRECHEVILLE  RESEARCH  FELLOWSHIPS. 

As  in  1920,  the  Imperial  College  of  Science  and  Technology,  South 
Kensington,  London,  has  again  offered  two  Research  Fellowships  of 
£300  a  year  each  to  aid  in  carrying  out  any  investigation  or  research 
connected  with  mining,  mining  geology,  metallurgy,  or  the  tech- 
nology of  oil.  The  Australasian  Institute  of  Mining  and  Metallurgy 
represents  the  Imperial  College  in  this  matter.  Two  applications 
were  received  before  the  closing  date — viz.,  1st  September — and  were 
forwarded  to  London. 

MOVEMENTS   OF   MEMBERS. 

H.  (,'.  Bellinger  (past  President),  recently  at  Chuquicamata,  C'hile, 
is  now  at  120  Broadway,  New  York. 

Clement  Dixon  left  Rhodesia  in  December,  1920,  and  is  now  in 
London.  His  address  is  -C  o.  Standard  Bank  of  South  Africa  Ltd., 
10  Clements  Lane,    Lombard    Street. 

Cyril  J.  Kmery,  manager  of  the  British  Mine,  Broken  IlilK  has 
returned  from  a  visit  to  London   and  America. 

Jamos  Hill  notihes  his  change  of  address  from  Manv  Peaks  to 
*'  Hilston."    Hrooloo.  Queensland. 

Kric-  W.  Hughes  is  now  on  the  staff  of  the  South  Australian  School 
of  Mines,  Adelaide. 

W.   II.  Johnston  is  again  with  the  Waihi  (J.M.  Co.,  Waihi,^N.Z. 


'^X»^«  NOTICES. 

W.  G.  Langford,  Local  Correspondent  of  the  Aus.  I.M.M.  for 
Papua,  and  Common  wealth  representative  on  the  Papuan  Oilfields, 
has  been  appointed  Manager  in  Papua  for  the  Anglo- Australian  Oil 
Company. 

Arthur  Moline,  General  Manager  of  the  Bendigo  Amalgamated 
Goldfields  Ltd.,  has  returned  to  Bendigo  after  visiting  Europe, 
America,  and  South  Africa. 

John  W.  Moule  (Member  of  Council),  recently  with  the  Burma  Mines 
Ltd.,  has  returned  to  Australia. 

H.  Hardy  Smith  is  now  in  Sydney,  having  recently  returned  from 
Korea. 

Dr.  F.  L.  Still  well,  fof  some  years  Geologist  to  the  Bendigo  Amal- 
gamated Goldfields  Ltd.,  has  left  Australia  to  tour  the  South  African 
goldfields,  America,  and  Europe. 

Revel  Tinworth  is  now  on  the  staff  of  Lewis  Berger  and  Sons 
(Australia)  Ltd.,  Rhodes,  Sydney. 
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LIST    OF     PUBLICATIONS    ADDED    TO    THE    LIBRARY 
From  30th  June,  1921   to  30th  September,  192L 


Australian  Mining  ^nd  Enijineering  Iieview       montlily  - 
Industrial  Australian  *fc  Mining  Standard  -      weekly 
Engineering  and  Mining  .lournal    -  -      weekly 

Iron  and  Coal  Trades  Review  -  -      weekly 

Mining  and  Engineering  World      -  -      weekly 

Mining  Magazine  -  -  -      montlily  - 

Indian  Engineering  -  -  -     weekly 

Chemical  News      _  .  -  -     weekly 

South  African  Engineering  -  -      monthly  - 

Journal  of    Industrial    and    ICngineering 

Chemistry  ...      monthly    - 

Society  of  Chemical  Industry  :  Journal       -      hi-tnonihly 
Chemical,  Metallurgical  and  Mining  Society 

of  South  Africa  :   Journal       -  -     monthly  - 

Franklin  Institute  :  .lournal  -  -      hi-monihly 

Institution  of  Mechanical  ICngineers  :  .lournal      montlily 
Chamber  of   Mines   of   Western  Australia: 

Journal  .  .  .  _    (juarterly  - 

The  West  Australian  Mrnirig,   iJuildiiig  and 

Engineering  .lournal  -  -  -      weekly 

Queensland  Department  of  Mines  : 

Government  M  ining  .Jouri)al  -  -      mc^nthly  - 

Transvaal  (Jhamher  of  Mines  : 

Monthly  Analysis  of  (iold  I'ruduclion 
Kliodesia  (chamber  of  Mines  : 

Report  of  Executive  -  -  -      monthly  - 

New  Soutli  Wales  Board  of  Trade  : 

Report    on     Rural     Industries    and     Rural    Living 
Wage,  19lM 

University  of  Sydney  :   Calondur  for  IIUM  - 
Instit  -.tion  of  Engineers,  Vu-^tralia  (Adelaide  Divi>icn)  : 
The  Torrens  Road,  hv  i>.  V.  Fleniim,' 


Mell>ourne 

Melbourne 

New  York 

London 

Chicago 

London 

Calcutta 

London 

London 

Enston,  Pa. 
London 

Jolianneshurg 

IMiiladelphia 

London 

Kalgoorlie 

Perth 

lirishane 

Johanneshurg 

Bulawayo 

Sydney 
Syduey 

Adelaide* 
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Department  of  Mines,  Western  Australia  : 

'*  Report   on   the   Wliim   Well   and    Mens    Cupri 

Copper  Mines"  by  T.  Blatchford    -  -  Perth 

Institution  of  Mininp^  En2:ii>eers  : 

Transactions.  Vol.  LX.,  Parts  4  and  5  :  Vol.  LXI., 

1  arts  1 — 3  .  .  _  .  London 

Institution  of  Mining  and  Metallurgy: 

Bulletins,  Nos.  200 — d  -  -  -  London 

Geological  Society  : 

Quarterly  Journal,  No,  305  -  Tjondon 

5ocieta  Geologica  Italiana  : 

Bulletins,  XXXVIII.,  Tart  3  -  -  .  Rome 

Annales  des  Mines  : 

Vol.  XI.,  Parts  4—7  -  -  -  Paris 

Societe  des  Ingeneinrs  Civils  de  France  : 

Bulletin-^.  Oct.  1920  to  March  1921    -  -  Paris 

Mining  and  Geological  li.stitute  of  India: 

Transactions,  Vol.  XV.,  Parts  2  and  3  -  Calcutta 

<jreolog:ieal  Survey  of  In.lia  : 

Records,  LI.  Parts  3,  4  :  Lll.(192l);  LIII.  Parti  Calcutta 

Department  of  Mines,  Canada  : 

Summary  l.eport  Geological  Survey,  1919  Part  A, 

1920  l»arts  B  and  E  -  -  -  Ottowa 

American     Institute     of     Mining     and     Metallurgical 
Engineers  : 

Mining  and  Metallurgy,  Nos.  174 — 176  -  Xew  York 

Department  of  Mines,  Mexico  : 

Boleiin  Minero  Vol    IX.,  Nos.  5   and  C  ;   Vol.  X., 

Nos.  3-C  ;  Vol.  XI.,  Nos.  1  and  2  -  Mexico 
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RECENT     ARTICLES    ON     MINING     MATTERS. 

(20th  June,  l!>21    to  3«)th  September,   1921). 

XoTE. — This  list  is  prepared  for  the  purpose  of  placing  before  members  the 
titles  of  the  more  important  papers  appearing  in  the  usual  publication,^  concerned 
with  mining  engineering,  metallurgy,  \c..  due  regard  being  had  to  Australasian 
requirements. 

LIST    OF     PUBLICATIONS. 


Rejereneet  are  /jtven  by  the  number  prefixed  to 

mth., 

(1)   The  lnd'iUri<il  Auttralian  ,<■  Mining  Stan- 
dard,   Melbourne.  Victoria,  wk.,  6d. 

{2)  The  Qneent'and  Government  Mining  Jour- 
nal,  Brbbane,  mth.,  6d. 

(3)  MetaUurqical  and  Chemical   Engineering, 
New  York,  mth.,  25c. 

<4)  The  ilining  Journal,  London,  E.G.,  wk., 
6d. 

(5)  Mining  and  Engineering  World,  Chicago, 
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MINUTES    OF    MEETINGS. 


OF    THE    INSTITUTE. 


Extraordinary  General  Meeting,  28th  November,  1!»21. 

An  Extraordinary  General  Meeting  of  the  Institute  was  lield  at 
the  rooms,  48  Queen-street,  Melbourne,  at  8  ]).ni.  on  Monday,  28th 
November,  1921,  for  the  [)urj)ose  of  examining  i)allots  on  the  question 
of  the  proposed  Engineering  Council,  as  submitted  to  members  in 
'  ircular  No.  5,  1921. 

Mr.  G.  C.  Klug,  vice-j)resident,  occu])ied  the  chair. 

The  Secretary  read  the  notice  convening  the  meeting. 

Tlie    scrutineers    appointed    ])y    the    Chairman    to     examine    ballot 

papers  reported  the  result  of  the  ballot  as  follows:-- 

In  favour  of  suggestion.s  ..  .  .    198 

Against  ,,  . .  . .        1 

Informal  . .  . .       1 


xcu  MINUTES. 

OF   THE    EXECUTIVE   COMMITTEE. 


(Summary.) 

October  31st,  1921.— 8  p.m. 

The  Secretary's  re])ort  was  ])resented,  and  accounts  to  the  amount 
of  £191,  including  printing  (£96),  salaries  and  rent,  two  months  (£50), 
postage  (£25),  sundries  (£9)  were  passed  for  payment. 

Nominations  of  the  following  were  approved  for  ballot  by  members 
of  Council :— As  Members. — Messrs.  E.  C.  Andrews,  J.  K.  Campbell, 
and  R.  A.  Clinton.  As  Associate  Member. — Mr.  Wm.  C.  Davies. 
As  Student.— Mr.  G.  F.  H.  M'Mahon  (elected).  Nominations  of  Mr. 
Samuel  Leah  (as  Member)  and  Mr.  P.  H.  O'Nians  (as  Associate  Member) 
were  deferred  for  further  particulars. 

Resignation  of  Mr.  Wm.  Wylie  was  accepted. 

Resolved  that  a  memorandum  be  prepared  for  the  guidance  of 
local  correspondents  and  local  secretaries  governing  qualifications 
for  the  status  of  each  class^ — i.e.,  members,  associate  members,  &c. 

Resolved  that  the  Institute  of  Science  and  Industry  be  requested 
to  prepare  an  index  of  mining  and  metallurgical  literature,  and  to 
keep  same  up  to  date  ;  that  copies  of  the  index  be  supplied  to  the 
Institute. 

Re.solved  that,  when  recommended  by  the  Publications  Committee, 
"  gallev  pulls "  of  }ja])ers  likely  to  provide  useful  discussion  be 
circulated,  and  that  Branch  Secretaries  or  a  member  in  each  centre 
be   appointed  to   secure   discussion  from  such   centres. 

It  was  resolved  that  the  members  be  reminded  that  the  registra- 
tion of  members  in  the  Institute  employment  register  was  purely 
voluntary,  and  was  to  be  entirely  left  to  the  discretion  of  members. 
It  was  reported  that  all  mining  companies  in  Australasia  had  been 
invited  to  communicate  with  the  Institute  when  ])ositions  were 
offering. 

A  memorandum  from  the  Research  Council  to  the  President  in 
regard  to  the  proposed  Federal  Geological  Survey  was  considered 
and  the  opinion  expressed  that  tlio  |)roposed  salary  of  the  Chief  of  the 
propo-ied  Bureau  was  altogether  inadequate.  A  similar  o])inion  was 
expressed    in    regard    to    tlie    salaries    of    the   field  geologists    and 
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travelling  expenses.  The  Committee  expressed  itself  in  favour  of 
the  establishment  of  a  Federal  Geological  Survey,  and  it  was  ]>ointed 
out  that  such  a  survey  had  been  urged  by  the  Austraslasian  Institute 
of  Mining  and  Metallurgy  in  1911. 

Examiners  were  appointed  to  examine  papers  submitted  by  students 
for  the  Danks  prize,  1921. 

Correspondence  was  considered  in  regard  to  a  proposal  to  secure 
a  list  of  works  on  mining  and  metallurgy  in  the  public  libraries  of 
the  capital  cities  of  Australia,  and  regret  was  expressed  that  the 
Institute  had  neither  the  funds  nor  the  staff  necessary  to  prepare  a 
satisfactory   index. 

Other  routine  business  was  transacted. 


November  28th,  1921.— 8.15  p.m. 

The  Secretary's  report  was  presented,  and  accounts  to  the  amount 
of  £79  19s.  lOd.,  including  salary  and  rent,  September  and  October 
(£50),  printing,  stationery,  etc.  (£22  9s.  6d.),  postage  and  sundries 
(£7  10s.  4d.),   passed  for  ])ayment. 

Nomination  of  Mr.  I.  B.  Fabrikant  as  an  Associate  Member  was 
approved  for  ballot. 

The  following  were  admitted  to  the  Institute : — As  Members — 
Messrs.  E.  C.  Andrews  and  J.  K.  Campbell  ;  as  Associate  Member — 
Mr.   Wm.  C.  Davies  ;  as  Student-   Mr.   Ivan  Fisher. 

Resignation  of  Mr.   K.  Nakamura  was  acce])ted. 

The  Chairman  re})orted  that,  as  a  result  of  the  ballot  at  the  Extra- 
ordinary General  Meeting  convened  by  Circular  No.  5,  1921.  the 
recommendations  re  proposed  Federal  Engineering  Council  liad  been 
accepted   by   members   almost   unanimously. 

It  was  resolved  that,  as  the  recent  Premiers'  Conference  (ould  not 
deal  with  the  (question  of  certification  of  mining  managers,  the 
Secretary  for  Mines,  N.S.W.,  be  invited  to  convene  a  conference  of 
the  chief  mining  inspectors  of  the  various  States  with  a  view  to 
bringing  about  uniformity  of  examinations  and  reciprocity  i>etween 
States,  also  to  deal  with  the  question  of  engine-drivers  underground 
l)eing  required  to  liold  certificates. 
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Resolved,  that  the  invitation  from  the  Institution  of  Engineers  to 
members  of  the  Aiistrahisian  Institute  of  Mining  and  Metallurgv  to 
attend  the  meeting  of  the  former,  to  be  held  in  Melbourne  on  31st 
January  to  4th  February,  1922,  be  accepted,  and  that  members  be 
notified. 

Decided  that  cojmcs  of  the  memorandum  on  the  question  of 
engineering  standardization  received  from  the  Institution  of  Engineers 
be  supplied  to  members  of  Council,  with  a  request  for  comment  thereon. 

Resolved  that  a  letter  be  written  to  the  Hon.  the  Minister  for  Mines, 
Victoria,  directing  his  attention  to  prospectuses  recently  issued, 
particularly  in  respect  to  oil  ;  that  the  Minister  be  informed  that  the 
Council  is  strongly  of  o})inion  that  prompt  action  should  be  taken 
by  the  Department  of  Mines  to  put  the  facts,  as  far  as  they  can  be 
ascertained,  before  the  public.  The  Chairman  was  authorized  to 
interview  the  Attorney-General  in  the  matter. 

It  was  reported  that  a  clause  in  the  Architects'  Registration  Bill, 
Victoria,  safeguarding  the  interests  of  members  of  the  Institute,  and 
suitably  providing  for  an  engineering  representation  on  the  board, 
had  been  passed  by  the  Legislative  Council. 

Papers  as  follow  were  submitted  and  referred  to  the  Publication 
Committee  : — "  Notes  on  the  Estimation  of  Tungsten  in  Ores,"  by 
J.  R.  Pound  ;  "  Crushing  Tests  with  a  Small  Pebble  Mill,"  by  E.  E.  G. 
Boyd. 

Resolved  that  the  Annual  General  Meeting,  1922,  to  receive  the 
Report  of  the  Council  and  Balance-sheet  for  1921,  be  held  on  27th 
March,  1922. 

The  Chairman  (Mr.  (x.  C.  Klug)  reported  that  Dr.  A.  J.  Lanza,  of 
the  Rockefeller  Institute,  had  recently  given  a  lecture  before  the 
Broken  Hill  Branch  on  the  subject  of  mining  hygiene  in  America. 
He  (the  Chairman)  was  present,  and  welcomed  Dr.  Lanza  as  a  member 
of  a  kindred  institute,  and  also  on  account  of  his  present  official 
position. 

The  following  notice  of  motion  was  submitted  : — "  That  mid-day 
meetings  of  the  Executive  Committee  be  resumed  when  the  new  rooms 
were  occupied." 
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NOTICES. 

The  rooms  of  the   Institute  are   open    from  9  a.m.    to  5  p.m.    dailj,  except  Sundays  and 
Public  Holiays. 


MEMBERSHIP. 

Since  the  issue  of  Proceedings  No.   43  the  following  have  been 
admitted  to  the  Institute  : — 

Member. 

Names  and  Addresses. 

Andrews,  Ernest  Clayton,  Government  Geologist,  Department  of 
Mines,  N.S.W. 

Transfer,  Associate  Member  to  Member. 
Campbell,  John  Kenneth,  Stannary  Hills,  North  Queensland. 

Associate  Member. 
Davies,  William  Charles,  Huntly,  Auckland,  N.Z. 

Student. 
Fisher,  Ivan,   II   Stanley-street,  Canterbury,  Vic. 

FIRST   ordinary    MEETING,    1922. 

NothiuL'  definite  has  yet  been  arranged  in  regard  to  the  First 
Ordinary  Meeting,  1922,  but  an  announcement  thereon  will  be  made 
as  soon  as  jmssible. 

annual   MEETING,    1922. 

As  announced  by  Circular  No.  G,  1921,  the  Annual  Meeting  to 
receive  the  Annual  Report  of  Council  and  Balance-Sheet  for  1921 
will  be  held  on  Monday,  27th  March,  1922.  A  meeting  of  the  full 
Couju-il  will  !»('  held  on  the  same  day. 

proposed    federal    ENGINEERING   COUNCIL. 

A  meeting  of  delegates  from  the  Australasian  Institute  of  Mining 
and  Metallurgy  Incor|)orated,  the  Institution  of  Engineers  (Australia), 
and  the  .Vustralian  Chemical  In.stitute  will  be  held  in  Melbourne  on 
2n'i  Fol)ruary  to  take  further  stops  in  regard  to  the  formation  of  the 
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proj'osed  Federal  Engineerinjij  Council.  As  reported  by  Circular 
Xo.  T),  1921,  members  of  the  Aust.  I.M.M.  are  in  favour  of  the 
recommendations  which  were  iiivcn  in  detail  in  Proceedings  No.  43. 

ENGINEERING    STANDARDIZATION. 

The  Australasian  Institute  of  Mining  and  Metallurgy  will  be  repre- 
sented at  a  conference  to  be  held  in  Melbourne  on  3rd  February  next 
to  discuss  the  question  of  Engineering  Standardization  in  Australia, 
the  desirability  of  adopting  British  standards  where  possible,  and 
the  establishment  in  Australia  of  a  re])resentative  and  authoritative 
body  to  take  the  work  in  hand. 

PUBLICATIONS. 

Papers  appearing  in  this  issue  are  : — 

Paper. — "  Concentrating  Practice  of  the  Broken  Hill  South  Limited." 

By  W.  E.  Wainwright  and  T.  A.  Read. 
Discussion. — "  Mechanical    Methods   of    Allaying   Dust."     By   P.    H. 

Warren.     Author's  final  reply  to  discussion. 

A.    T.    DANKS    PRIZE.    1921. 

T  e  "  A.  T.  Danks  Prize  "  for  the  best  paper  by  a  student  descriptive 
of  the  Institute  visit  in  August  last  to  Sydney,  Lithgow,  Portland, 
and  Port  Kembla  has  been  awarded  to  G.  T.  H.  M'Mahon,  of  the 
Sydney  University. 

SUBSCRIPTIONS,   1922. 

Members  are  reminded  that  subscriptions  for  the  year  1922  are 
now  due. 
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BRANCH  NOTICES. 

BROKEN    HILL    BRANCH, 

A  meeting  of  the  Broken  Hill  Branch  was  held  at  the  rooms  of  the 
Mine  Managers'  Association,  Broken  Hill,  on  Tuesday,  25th  October, 
1021,  at  8  p.m. 

Mr.  C.  C.  Freeman  (Chairman)  ])resided. 

Registration  Index  forms  were  distributed,  and  members  requested 
to  fill  them  in  and  forward  them  to  the  head  office  of  the  Institute. 
It  was  suggested  that  the  Index  Registration  forms  merely  be  the 
index  to  the  ledger  of  technical  qualifications  ;  that  the  nomination 
forms  be  posted  in  the  ledger,  and  that  the  history  of  each  member 
since  election  be  periodically  brought  up  to  date. 

Mr.  Eric  E.  G.  Boyd  replied  to  discussion  on  his  paper,  "  Crushing 
Tests  with  Small  Pebble  Mill." 

Mr.  A.  G.  Campbell  then  contributed  a  paper  giving  a  short 
description   of  operations  at  the   Burma   Corporation's  mines. 

On  Thursday,  17th  November,  1921,  Dr.  A.  J.  Lanza,  of  the  Inter- 
national Health  Board,  Rockefeller  Foundation,  and  now  attached 
to  the  Commonwealth  Department  of  Health,  gave  a  lecture  liefore 
the  Branch  at  the  Technical  College,  Broken  Hill,  on  "  Mining  Con- 
ditions in  the  U.S.A."  In  the  course  of  his  lecture  Dr.  Lanza  referred 
to  the  absence  in  the  U.S.A.  of  legislation  to  ])revent  miners  dry-boring. 
In  addition  to  the  use  of  water,  he  considered  that  good  ventilation 
was  the  chief  reliance  to  properly  combat  the  dust  evil.  In  the 
U.S.A.  there  was  no  compensation  for  sufferers  from  silicosis  or  any 
tuberculous  comj)laint.  He  was  very  much  im])ressed  with  the  Clifton 
apparatus,  which  he  saw  in  operation  in  the  South  mine.  Broken  Hill, 
and  was  of  the  opinion  that  its  introduction  into  America  might  helj) 
in  solving  some  of  their  dust  problems.  In  America  the  U.S.  Bureau 
of  Mines  had  divided  the  country  into  districts,  and  each  district  had 
a  mine  rescue  car  (railway)  completely  equipjicd  with  the  necessary 
ap})aratu8.  and  each  carried  a  staff  consisting  of  a  mining  enfiineer, 
a  physician,  foreman  miner,  and  first-aid  num.  The  car  visited  the 
mines  in  it^  district  alternately,  and  gave  rescue  and  first-aid  instruc- 
tions to  men  and  officials.  In  his  experience  he  found  the  Proto 
oxvgen  apparatus  preferable  to  others.  He  was  strongly  oppo.sed  to 
artificial   breathing  or  resuscitation   devices,   as  they  are  dangerous. 
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especially  in  the  hands  of  inexperienced  or  excitable  persons,  but 
considered  the  Schafer  method  of  resuscitation  the  better  way. 
Various  sanitary  systems  were  in  use  in  American  mines,  some  very 
simple  and  others  quite  elaborate  ;  the  chemical  closet  seemed  to  be 
meeting:  with  favour,  and  depended  on  a  strong  solution  of  caustic 
soda  to  dissolve  the  contents  and  render  them  unobjectionable. 
Rock  temperatures  in  deep  mines  were  sometimes  quite  high — as  high 
as  1(X)^  or  more.  Canvas,  or  similar  flexible  tubing  for  carrying 
air  to  working  places,  was  found  to  be  most  useful  and  economical. 
He  was  greatly  impressed  with  his  visit  to  Broken  Hill  mines,  which 
were  ahead  of  U.S.A.  mines  in  preventing  and  controlling  dust. 

A  meeting  of  the  Branch  was  held  at  the  rooms  of  the  Mine 
Managers'  Association  on  Tuesday,    13th  December,  1921,  at  8  pm. 

Mr.  C.  C.  Freeman  (Chairman)  presided. 

It  was  resolved  that  it  be  a  recommendation  to  the  Council  to  adopt 
the  suggestions  in  regard  to  Index  Registration  Forms  as  per  circular 
recently  issued  by  the  Branch  to  members  at  Broken  Hill. 

The  questions  of  the  establishment  of  a  library  and  the  indexing 
of  mining  literature  were  discussed. 

Mr.  Salter  tendered  his  notes  on  Dr.  Lanza's  lecture,  delivered  on 
17th  November. 

Mr.  P.  Hampton  Warren  read  his  final  reply  to  discussion  on  his 
paper,  "  Mechanical   Methods  of  Allaying  Dust." 

MOVEMENTS    OF    MEMBERS. 

E.  C.  Andrews,  Government  Geologist,  New  South  Wales,  has  been 
elected  honorary  permanent  secretary  of , the  Australasian  Association 
for  the  Advancement  of  Science. 

Le-lie  Bradford,  until  recently  metallurgist  to  the  Broken  Hill 
Proprietary  at  Newcastle,  has  started  business  at  Waterloo,  N.S.W. 
He  has  installed  an  electric  furnace,  and  is  making  alloy  steels  and 
•per-ial  castings. 

H.  Wheeler  Brown,  for  many  years  engaged  on  the  designing 
and  r-onstructional  stalls  of  leading  mines  at  Broken  Hill,  Kalgoorlie, 
and  North  Queensland,  has  started  practice  as  consulting  mechanical 
engineer  at  131  Collins-street,  Melbourne,  Whilst  at  the  front  as 
O.C.  of  Section  3rd  Aust.  Tunnelling  Company,  Capt.  Brown  erected 
and  ran  a  central  workshops,  and  tested  and  reported  upon  mechanical 
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appliances  for  use  in  the  Tunnelling  Companies  of  the  First  Army 
B.E.F.,  acting  directly  under  the  Controller  of  Mines,  H.Q.  First  Aimy, 
Percy  Burbidge,  formerly  on  the  staff  of  the  Mount  Elliott  mine, 
Selwyn,   North  Queensland,  is  now  in  Melbourne. 

H.  Edward  Clayton,  who  has  for  some  time  been  on  the  staff 
of  the  Burma  Mines  Ltd.,  Burma,  has  returned  to  Australia,  and  is 
now  at  Homebush,  X.S.W. 

I.  B.  Fabrikant  has  returned  to  Melbourne  after  two  years  with 
the  Anaconda  Copper  Mining  Co.,  Great  Falls,  U.S.A. 

H.  Herman  (member  of  Council),  engineer-in-charge  of  briquettirg 
and  research  to  the  Victorian  Electricity  Commission,  has  returned 
from  a  nine  months'  trip  abroad,  undertaken  for  the  principal  pur- 
pose  of  investigating  briquetting   processes. 

T.  H.  Hooper  has  been  appointed  general  manager  of  the  Mount 
Royal   Copper  Mines,   Tottenham,   N.S.W. 

G.  Fred.  Jakins  is  now  engineer-in-charge  of  the  Mount  Lyell 
Co.'s  mines.  Prior  to  this  appointment  he  was  the  company's  chief 
surveyor. 

L.  G.  Klem,  formerly  of  Noumea,  New  Caledonia,  is  now  in 
Sydney.     His  address  is   19a   Elizabeth-street. 

Carl  Linz  is  with  the  Phoemco  Co.,  Ltd.,  4  Bridge-street,  Sydney. 

Edric  N.  Mulligan  has  been  appointed  manager  of  the  Nawng 
Pet  Tin  Mining  Co.  Ltd.,  Taiping,  Perak,  F.M.S. 

Russell  M.  Murray  is  now  assistant  general  manager  of  Mount 
Lyell  Mining  and  Railway  Co.  Ltd.  He  has  for  a  number  of  years 
occupied   the   position   of  engineer-in-charge  of  the   mines. 

H.  T.  Robertson,  late  of  Marion  Bay  Gypsum  Works,  Marion  Bay, 
S. A.,  has  left  Australia  to  take  charge  of  operations  at  the  Bibiani 
Gold  Mines,  Gold  Coast,  West  Africa. 

S.  G.  Le  Souef  has  been  aj)pointed  to  a  position  on  the  staff  of  the 
Royal   Mint,   Melbourne. 

A.  S.  Taylor  is  now  assistant  Government  Geologist  in  the  Geo- 
logical Survey  of  Uganda. 

obituary. 

Gordon  L.  \.  Ditchburn  (.\ssociate  Member)  died  from  typlmid 
fever  at  Ipoh,  Federated  Malay  States,  on  23rd  October,  1921,  at 
the  ago  of  29.  He  was  a  graduate  of  the  Working  Men's  College,  Mel- 
bourne, in  mining  engineering.     His  first  ap]>ointment  was  with  the 
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Diamond  Creek  G.M.  Co.  (Vic.)  a8  surveyor,  assayer,  and  metal- 
lurgist. After  leaving  that  company  he  was  for  twelve  months  mine 
surveyor  and  assayer  at  the  Mount  Cleveland  Tin  Mine  (Tas.)  He 
then  was  employed  by  the  Ivanhoe  Gold  Corporation  Ltd.,  Kalgoorlie, 
for  three  years  as  assayer,  and  resigned  to  accept  an  appointment 
with  the  Pahang  Consolidated  Co.,  Pahang,  F.M.S.,  as  assistant  mine 
surveyor.  This  position  he  occupied  for  two  years  and  nine  months, 
resigning  a  year  ago  to  accept  the  position  of  surveyor  to  the  Yukon 
Gold  Co.,  Ipoh,  F.M.S.  He  was  the  eldest  son  of  the  late  George 
Ditchburn  (Dept.  of  Lands,  Vic.)  and  Mrs.  Ditchburn,  of  Sandringham, 
(Vic.) 

William  H.  Hayes  died  suddenly  in  Adelaide  on  19th  November, 
1921,  of  internal  hemorrhage.  Until  eighteen  months  ago  he  was 
on  the  staff  of  the  Wallaroo  and  Moonta  Mining  and  Smelting  Co., 
his  period  of  service  with  that  company  extending  over  50  years. 
He  was  also  a  member  of  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers,  and  a  justice  of  the  peace. 
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LIST    OF    PUBLICATIONS    ADDED    TO    THE    LIBRARY 
From  30th  September,  1921  to  31st  Decebibek,  1921. 


Australian  Mininir  ^nd  Engineering  Review       monthly  - 
Industrial  Australian  &  Mining  Standard-     weekly 
Engineering  and  Mining  .Journal   -  -     weekly 

Iron  and  Coal  Trades  Review  -  -      weekly 

Milling  and  Engineering  World      -  -     weekly 

Mining  Magazine  .  _  .      monthly  - 

Indian  Engineering  -  -  -     weekly 

Chemical  Xews      _  .  -  -      weekly 

South  African  Eni::ineering  -  -      monthly  - 

Journal   of    Industrial    and    ICngineering 

Ciiemistry  -  -  -     monthly   - 

Society  of  Chemical  Industry  :  Journal       -      hi-montlily 
Chemical,  Metallurgical  and  Mining  Socit^ty 

of  South  Africa  :   Joirnal        -  -      monililv  - 

Franklin  Institute  :   .Journal  -  -      l»i-monthly 

Institution  of  Meclunical   lOnLiitH'Hr-'  :  .lomnrtl      monthly 
Chamber  of    .Mine's   of    Western   Australia: 

Journal  .  .  .  _    (juartcrly  - 

Tlie  W.-st  Australian  Mrning,   Building  and 

Engineeririg  .Journal  -  -  -      wt^ekly 

QueenKJand  Department  of  Mines  : 

Government  Mining  Journal   -  -      monthly  - 

Transvaal  Chamber  of  Mines  : 

Monthly  Analysis  of  (iold  Production 
Rhodesia   Chamber  of    Mines  : 

Report  of  Executive  -  -  -      monthly  - 

Victorian  Department  of  Mines  : 

(leological  Maps,  Mirltoo  and  Budgeree 
Royal  Society  of  \'ictoria  : 

Proceedings.  Vol.  XXXIV.,  Part  I.  - 
New  South  Wales  Board  of  Trade  : 

Report   on   White    Lead  as   used    in   lh«!   Painting 
Industry 

Compendium    of   Living    Wage    Declarations    and 
Reports,  N  S.W.    - 


Melbourne 

Melbourne 

New  York 

London 

Chicago 

London 

Calcutta 

London 

London 

E  as  ton,  Pa. 
London 

.Joliantiesburg 

Philadelphia 

London 

Kalgoorlie 

Perth 

Brisbane 

.Johannesburg 

liulawayo 

Melbourne 

Melbourne 


\vdney 


Cll 
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Royal  Society  of  New  South  Wales  : 

Journal  and  ProceedinpfS,  Vol.  LIV.  - 
Queensland  Department  of  Mines: 

Annual  Report,  1920  -  - 

South  Australia  Department  of  Mines  : 

Review,  No.  32  -  -  - 

Institution  of  Engineers,  -Vustralia  (  \delaide  Divisicn)  : 

Concrete  Footings  for  (columns,  by  Prof.  Chapman 

Design  for  Reinforced  Concrete  Bridges,  by  Bowman 
West  Australian  Department  of  Mines  : 

Bulletin,  Nos.  79-81 
New  Zealand  Institute  : 

Transactions,  Vol.,  LIII. 
New  Zealand  Geological  Survey  : 

Fifteenth  Annual  Report  of  Geological  Survey 
Institution  of  Mining  Engineers  : 

Transactions,  Vol.  LXI.,  Part  4;  Vol.  LXII., 
Parts  1  and  2  -  -  - 

Institution  of  Mining  and  Metallurgy  : 

Bulletins,  Nos.  203-207 
Geological  Society  : 

Quarterly  Journal,  Nos.  306,  307 
Geologists'  Association  : 

Proceedings,  Vol.  XXII.,  Parts  2-4     - 
Iron  and  Steel  Institute  : 

Journal,  Vol.  CIIL,  No.  1 

Carnegie  Scholarship  Memoirs,  Vol.  X. 
Imperial  Mineral  Resources  Bureau  : 

Report.s  on  Tungsten,  Manganese,  Fluorsj)ar, 
Talc,  Coal,  Coke  and  By- Products,  Statistical 
Summary,  (Imports  and  Exports),  Barium 
Minerals,  Phosphatfs  -  - 

Societa  Geologica  Italiana  : 

Bulletins,  XL,  }'ar;>  1,2 
U.  .\ccadernia  delle  Scienze  dell'  In.stitule  di  lioiogna  ; 

Rendiconto,  Vol.s.  XXI.,  XXII.  and  XX  II  I. 
Societe  des  In<,'eneiurs  C/iviis  de  France  : 

Bulletins,  Vol.  XL  .  Parts  1,2 


Sydney 
Brisbane 
Adelaide 

Adelaide 

Perth 

Wellinarton 


Wellington 


London 
London 
London 
London 

London 


Tj')ndf)n 
Rome 

Bologna 
Paris 
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Annales  des  Mines  : 

Vol.  XI.,  Part  8  :  Vol.,  XH.,  Part  \) 
Societc'  Geologique  du  Nord  : 

Annales  Vol.,  XLIII.,  1914  :   XLIV.,  1919 
Musee  Teyier : 

Archives,  Serie  III.,  Vols   III.,  IV. 
Catalogue,  Vol.  IV.  (1904—191-2)      - 
Mining  and  Geological  Ir.stitnte  of  India: 

Transactions,  Vol.  XVI,,  Part  1 
Department  of  Mines,  Canada  : 

Production   of   Coal  and  Coke   in   Canada,    1920 
Geological  Survey  Report,  Parts  C  and  A 
Memoirs,  No.  124       - 
United  State.>  Geological  Survey  : 

Mineral  Resources — 1915,  Part  I,  Xoa.  9-14;  Part 
II,  Nos.  15,  21,  26.  1916,  Part  I,  No.  5,  Part 
II.  Nos.  4,  5,  9,  12,  27,  28.  1917,  Part  I, 
No.  9  :  1918,  Part  I,  No.  29,  Part  II,  No.  36. 
1919,  Part  I,  Nos.  6-8,  14,  16,  IS,  19: 
Part  II,  Nos.  4-12,  20,  23-27.  1920,  Nos.  1-3. 
Professional  Papers— Nos.  97,  98  P.Q.;   102,  103, 

108  D.F.G.L.:   120  A.C. 
Mineral  Resources— 1918,  1920. 
Annual  Report  of  Director — 1920. 
Bulletin— Nos.   631:    640-1:    641-F  ;    643.  64C, 
652,  653,  659:     660-1;    674,   675,  682,   697. 
702,  703,706,  712.714,  715-GIS.  716-DEP\ 
725- A  to  E,  726-1; 
American     Institute     of      Mining     and     Metallurgical 
Engineers  : 
ilournal,  Monthly        .  -  - 

American  Society  of  C^ivil  Engineers  : 

Transactions,  Vol.  LXXXIV. 
California  Stat»*  Mining  Bureau  : 

Seventeenth  Report  of  State  Mineralogist,  1920    - 
Geological  Survey  of  Alabama  : 

Bulletin,  No.  24 — Mica  Deposits  of  .Alabama 
Secretoria  de  Induslria  Y  Comercio  : 

BulhHin,  V.»l.  XI.,  Nos.  5,  6;  Vol.  XII.,  Nos.  1-3 


Paris 
Lille 

Haarlem 

Calcutta 

Ottowa 


New  York 

New  York 

New  York 

Sacramento 

Alabama 

Mexico 
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Cuerpo  de  Ingenieros  de  Minas  : 

Bulletin,  Nos.  07  and  100 

Annales   Del  Congress  Nacional  De  La  Industria 

Minero,  Vol.  1.,  II.,  IV.,  V.  and  VI.  -  Lima 

El  Mnsco  Nacional  : 

Annales,  Vol.  XXIII.,  XXIX.  and  XXX.  -       Buenos  Aires 


LIBRARY, 


cv 


RECENT     ARTICLES    ON     MINING     MATTERS. 

(30th  September,  1921,   to  Slst  December,  1921). 

SoTT. This    list  is    prepared  for    the   purpose    of  placing   before   members    the 

titles  of  the  more  important  papers  appearing  in  the  usual  publications  concerned 
with  mining  engineering,  metallurgy,  Sc.  due  regard  beiyig  had  to  Australasian 
requirements. 

LIST    OF     PUBLICATIONS. 


Rejereneei  are  yiven  by  the  number  prefixed  to 

mth., 

(1)  Th$  /»,{  ifriiil  A uttr alian  ,{■  Mining  Stan- 

dard,   Melbourne,  Victoria,  wk.,  6il. 

(2)  The  Qneenn'and  Government  Mining  Jour- 

nal, BrL-bane,  mth.,  6d. 

(3)  MetaUuTQxeal  and   Chemical   Krujineering , 

New  York,  mth.,  25c. 

(4)  The  Mining  Journal,  Jx)n.ion,  E.C.,  wk., 

6d. 

(5)  Mining  and  Engineering  World,  Chicago, 

wk..  lUc. 
(8)   The    Engineering    and    Mining    Journal, 
New    York,  wk.,   15c. 

(7)  The    Colliery    Engineer,    Scranton,     Pa.. 

U.S.A.,   mth.,   20c. 

(8)  Mining  and  Seitntifie  Prest,   San   Fran- 

ci^co,  Cal..  wk.,   10c. 
(W)  Annalei  det  Mines,  ParU,   France,  mth. 

(10)  I'ublicationn,  Deoartment  of  Mines,  Mel- 

fK.urne,  Victoria. 

(11)  Publirations,      Department      of      Mino.-^, 

Sydney,  .  ew  South  Wales. 

(12)  Publieationt,  Department  of  Mines,  Ade- 

laide,  South    Australia. 

(13)  Publicatinns.  Department  of  Mines,  Bris- 

■  larif.  t^ueensland. 

(14)  Publieationn,      Department      of      Mine-*, 

Perth,   Western  Australia. 

(Ij)  PubUentiunn.      Department      of      Mines, 
Hohart,  Tasmania. 

(IC)  Publxt'jiionM,  tieological  Survey,  Canada, 
Ottawa,  Ontario. 

(17)  I'ubheali'tnt,  Bureau  of  Mines,  Toronto, 

Ontario. 

(18)  Pubheationt,  Cieological  Survey  of  India, 

Calcutta. 

(19)  Puhlieaiioni.  Geological   Survey,   U.S.A., 

Wa^^hington. 

CiO)  Publiration*,  Geological  Survey,  Alabama, 
Montgomery,  Ala. 

21)  Publirt^ion:,      California     State     MloinT 
Bureau,  Sacramento,  Cal. 


each  publication  in  the  attached  lift.      Wk.,  tceekly 
monthly. 

(22)  Reports     Aa-=t.      As<oc.      Adv.      Science* 
Sydney,  New  South  Waies. 

(2:3)   Tranfaetion^  and   Proceedings,   New   Ze»- 
lan<l  last.,  Wellington,  New  Zealand. 

(24)  Quarterly    Journal,     Geological     Society, 
London. 

(25)  Bullet  I  US.  In-t.  Mining  and    Mctallurgv» 
London,    E.G. 

(26)  Transactions,  Iri-t.  Min.   Eng.,   London. 

(27)  Journal.  Canadian  Mining  Inst.,  Ottawa, 
Ontario. 

(28)  Journal,  Cheni..  Mln.,  and   Met.  Soc.  of 
S.A..  Johannesburg,  Transvaal. 

(29)  Transac'ions,    Am.    Inst,  of  Mln.  A  M^t. 
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LIST    OF    ARTICLES- 
GEOLOGICAL. 

Applied  Goolopj-  at   Butto.     T.  A.   lliokaril.     (8)  Sept.  24,  1921. 

Structure  and  Genesis  of  Some  Tin-Lodes  Occurring  in  the  Cawhorne  District  of  We&t  Cornwall. 

H.  B.  Cronshaw.     (25)  Sept..  1921. 
Tlie  Igneous  Rocks  of  the  Province  of  Huelva  and  the  Genesis  of  the  Pyritic  Ore-Bodies.     H.  F. 

Collins.     (25)  Nov.,   1921. 

MECHANICAL. 

Shop  Operations  and  Repairs  on  Gold  Dredges.     F.  A.  Stanley.     (8)  Oct.  22.  1021. 

Use  of  Scrapers  Underground.     L.  Eaton.     (8)  Xov.  19,  1921. 

Air-Lift  in  Theory  and  Practice.     A.  W.  Allen.     (8)  Nov.  19,  1921. 

Standardization   of   Rock-Drilling   Machines.     (6)    Oct.   29,   1921. 

Mine  Blacksmith  Shops.     R.  J.  Day.     (6)  Oct.  15.  1921. 

The  Tailing  Air-Lift  of  the  Chino  Copper  Co.     H.  G.  S.  Anderson.     (6)  Nov.  19.  1921. 

METALLURGICAL. 

Concentration  of  the  Ore.  Nevada  Consolidated  Copper  Co.     A.  B.  Parsons.     (8)  Sept.  3,  1921. 

The  Smelter.  Nevada  Consolidated  Copper  Co.     A.  B.     Parsons.     (8)  Sept.  17.  1921. 

The  Beginning  of  the  Cyanide  Process  on  the  R,and.     A.  F.  Crosse.     (8)    Sept.  17.  1921. 

Pro<lucer   Gas.     Erie    Huntley.     (8)    Sept.   24,    1921. 

Smelting  Practice  in  the  Zimapan  District,  Me.\ico.     R.  B.  Brinsmade.     (8)  Sept.  24,  1921. 

Agitation  in  Flotation.     F.  G.  Moss.     (8)  Oct.  1,  1921. 

Development  of  Copper   Precipitating  Apparatus.     J.  Irving.     (8)   Oct.   15.   1921. 

The  Gold  Bullion  Mill  and  Cvanide   Plant,  Willow  Creek,  Alaska.     O.  A.  Glaeser.     (8)  Oct. 

29.  1921. 
Lime  Consumption  by  Cyanidation.     R.  W.  Perry.     (8)  Oct.  29,  1921. 
Surface-Tension   in   Flotation.     A.   W.   Fahrenvvald.     (8)   Nov.  5,  1921. 
Errors  in   Mim-Sampling.     M.   Webber.     (8)  Nov.  5,  1921. 
Agitation  in  Flotation.     A.  W.  Fahrcnwald.     (8)  Nov.  19,  1921. 
Time  Studies  in  Metallurgical  Analysis.     W.  F.   Dietrich.     (8)  Nov.  19,  1921. 
Surface   Energy  and    Absorption   in   Flotation.     A.    W.   Fahrenwald.     (8)  Aug.   13,    1921. 
Treatment  of  Zinc-Silver  Ore.     A.  Del  Mar.  .  (8)  Aug.  20,  1921. 
J)istillation  of  Oil-Shale.     D.   E.   Day.     (8)  Aug.  20,   1921. 

The  Volatilization  Process  at  the  Popc-Shenon  Mine.     R.  H.  Bradford.     (8)  Aug.  20,  J921. 
Distribution  of  Gold  as  Banket  Ore  Classified  Products,  with  Reference  to  Milling  and  Cyaniding 

Op*'rations.     F.    Wartenweilcr.     (28)    June,    1921. 
A  Rename    of  Standard   Metliods  in  Sampling,  Analvsis,  and    Classification    of    Coal.     A.  T. 

Williams.     (28)  July.  1921. 
The  Kata  Thermometer  and  Its  Practical  Uses  In  Mining.     H.  J.  Ireland.     (28)  Aug.,  1921. 
A  Simple  .Method  for  the  Det<'rinination  of  Vanadium  in  Ores  and  Metallurgical  Products.     (43) 

R.    B.    Schaal.     Aug.,   1921. 
Washing  and   Washing  Ports  in  Connection  witli  "Chamber"  and  "Frame"  Filter  Presses. 

E.  A.  Alllott.     f43)   Nov.,   1921. 
Fllt/T  Cloth  and  Ifs   Relation  to  Filtration.     A.  A.  Campbell.     (43)  Nov.,  1921. 
Indu-strbl   Filter  Media.     A.    Wright.     (43)   Nov.,   1921. 
Fundamental  Laws  of  Filtration,  with  Suggestions  liegardlng  Research  Work.     !>.  R.  Spcrry. 

(43)   Nov..   1921. 
The    Feeding  of   Filters.     J.    F.   Springer.     (43)   Nov.,   1921. 
Filter  AclrlH.     C.   P.   jM-rleth.     M3)   Nov..   1921. 

The  I'W!  of  Fllter-fel  for  Industrial  Filtration  Processes,     (i.  M.  Hickey.     (43)  Nov.,  1921. 
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Dl«cuJwlon  of  Centrifugal    Draining.     T.   A.    Bryson.     (43)   Nov.,  1921. 
]>af  and   Rf*tary  Suction  Fllt«;r».     G.  D.  Dickey.     (43)  Nov.,  1921. 
Plate  and  Frame  Filter  PresBrs,     E.  C.  Alford.     (43)  Nov.,  1921. 
Modern   I/af  Type    Fllterti.     R.  C.   Campliell.     (43)   Nov.,   1921. 
Oliver  ContlnuouH  Filters.     H.  A.  .Morrison.     (43)  Nov.,  1921. 
The  AtklniH-Shrlver  Automatic  Filter  I'ress.     H.   D.   Atkins.     (43)   Nov.,   1921. 
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Inaccurate  Assay  Reports.     G.  L.  .Sheldon.     (6)  Aug.  27,  1921. 
Recent  Applications  of  the  Cottrell  Procesws.     R.  U.  Hesson,  P.  E.  Landolt,  and  A.  .\.  Hcimrod. 

(6)  .Si-pf.  17,  1921. 
A  Blast  Furnace  for  Zinc.     E.  W.  Buskett.     (6)  Sept.  10,  1921. 
The  Electrolytic  Recovery  of  Zinc  in  Tasmania.     (6)  Sept.  24,  1921. 
Smelting  Sulphur  and  Arsenic  Ores  in  China.     R.  Slessor.     (6)  Oct.  20,  1921. 
Converting  Dolomite  into  Magnesite.     U.  Eyoul.     (6)  Oct.  15,  1921. 
Chloriilizing    Volatilization:    Some   E.xperiments    and    Their  Practical   Application.      H.   R. 

Layng.     (6)  Nov.  12.   1921. 
History  of  Sile-Cliarging  Reverberatory  Furnaces.     (6)  Xov.  26,  1921. 
Reclaiming  6-oz.  Silver  Tailing  at  the  Coniagas  Mines.     H.  E.  Cawley.     (6)  Dec.  3.  1921. 

MISCELLANEOUS. 

The  Magnetometer  as  an  Aid  in  the  I>3velopment  »jf  Mines.     A.  Gibson.     (8)  Sept.  24,  1921. 

Scheduling  Mine  Operations  to  Suit  a  Power  Current.     B.  B.  Beckett.     (8)  Oct.  15,  1921. 

Ventilation  in  Metal  ilines.     D.  Harrington.     (8)  Oct.  29,  1921. 

Breaking  the  World's  Record  in  Shaft-Sinkin?.     \V.  Fitch.     (8)  Nov.  26,  1921. 

The  Education  of  a  Mining  Engineer.     T.  A.   Rickard.     (8)  Dec.  10,   1921. 

Ventilation  and   Phthisis.     C.   L.   Berrien.     (8)  Auz.   13,  1921. 

Standardization  of  Materials  in  Mining  and  Milling  Plant.     E.  A.  Wraight.     (25)  .\ug.,  1921. 

Ventilation  and  Human  Etticicncy.     L.  Hill.     (25)  Oct.,  1921. 

The  Acidity  of  Mine  Waters.     F.  W.  Watson.     (28)  Sept.,  1921. 

Coal  Pillar  Extraction  from  Two  Seams,  and  Surface  Effects.     W.  T.  Hcslop.     (2S)  Oct.,  1921. 

Waste  in  Ore  Milled.     W.  A.  CaMecott.     (28)  Oct.,  1921. 

A  Review  of  Drilling.     G.  J.  Young.     (6)  Serial  commenced  Aug.  27,  1921. 

Licensing  of  Mining  Engineers.     (6)  Sept.  3,  1921. 

Mine  Sampling  Methods  at  Tyrone.     B.  G.  Anderson.     (6)  Oct.  1,  1921. 

Decay  of  Timber  in  Return  Air  Courses.     D.  Harrington.     (6)  Oct.  8,  1921. 

Drilling  Resulta  and  Dredging  Returns.     C.  W.  Gardner.     (6)  Serial  commenced  Oct.  22,  1921. 

The  Inorganic  Origin  ot  Petroleum.     H.  W.  Hixon.     (6)  Oct.  15,  1921. 

The  Discrepancy  between  Drilling  and  Dredging  Results.     R.  S.  Smith.     (6)  Nov.   19.   1921. 

Geological  3lctho«l8  of  the   Homestake  Mining  Co.     (0)  Dec.  3,  1921. 


^^'-  GUIDE  TO  CONTRIBUTORS  OF  PAPERS. 


It  is  requested  that  writing  be  confined  to  onf  side  of  the  paper  ;  that  it  be  legible 
with  particular  care  regarding  foreign  words;  and  that  abbreviations,  references,  &c.. 
be  made  in  accordance  with  the  subjoined  rules  and  examples: — 

Pounds,  shillings,  and  pence,  ;^  s.  d.  ;  dollars  and  cents,  $,  c. 
Grains,  gr. ,  pennyweights,  dwt. ;  ounces,  oz.  ;  drachms,  dr.  ;  pounds,  lb. 
Quarters,  qr  ;  hundredweights,  cwt.;  gallons,  gal. 

Grammes,  grm.  ;  kilogrammes,  kg.  ;  millimetres,  mm.;  milligrammes,  mg. 
Centimetres,  cm.  ;  cubic  centimetres,  cc;  metres,  m. 
Inches,  in.;  feet,  ft. ;  yards,  yd.;   fathoms,  fath. 
Square  inches,  etc,  sq.  in. ;  cubic  inches,  etc.,  cub.  in. 
Diameter,  diam.;  revolutions,  rev.;  revolutions  per  minute,  r.p.m. 
Horse  power,  h. p.;  indicated  horse  power,  i.h.p.;  brake  horse  power,  b.h.p. 
Candle  power,  cp. 
British  thermal  units,  B.Th.U. 
High  pressure,  HP.  ;  low  pressure,  L.P. 
Ampere,  amp.;    kilowatts,  kw. 
Percentages,  %;  degrees,  °  ;  specific  gravity,  sp.  gr. 
Company  Limited,  Co.  Ltd.;  and  Company,  &  Co. 
Temperatures  to  be  given  in  Fahrenheit,  thus  :   io°   Fahr, 

Figures  not  exceeding  four,  unless  in  column  with  others  exceeding  four,  to  be 
without  comma,  thus  :   1907. 

References  to  be  placed  in  foot-notes,  giving  title  in  italics,  thus  :  *Alfied  James. 
Cyanide  Practice,  p.  94  :  t  H.  I^rown.  Mines  and  Minerals,  vol.  xiii.,  p.  13c;  J  Tj'ans 
Aust.  Inst.  M.E.,  vol.  x,  pp.  98-189, 

Quotations  to  be  indicated  by  inverted  commas,  and  when  lengthy,  to  be  set  in 
smaller  type,  with  inverted  commas  at  beginning  and  end  only.  Foreign  terms  to  be 
in  italic 

Localisms  to  be  in  inverted  commas  with  their  ordinary  technical  definition  in 
parenthesis. 

Drawings  (on  tracing  cloth  if  possible),  photographs  (unmounted  glossy-surface 
bromides)  or  other  glossy-surface  prints,  &c. ,  both  for  exhibition  and  for  publication, 
are  most  desirable  with  almost  every  communication,  and  should  always  be  on  separate 
paper  from  the  MS.  Blue-prints  only  to  be  forwarded  when  original  plans  or 
tracings  are  not  procurable.  When  reference  letters  are  used  in  drawings  for 
purposes  of  description,  they  are  best  thus  :  a  b  c,  etc.  Lettering  and  figuring  on 
drawings  should  be  lar^e  to  allow  of  reduction  to  page  size  whenever  possible.  All 
lines  should  be  black  and  firm.  Each  drawing  should  be  accompanied  by  scale 
thus  : — 

'^^"^^-       I  1  :i  ^  S  _C    FEET 
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N.B. — When  in  doubt  about  any  point,  it  would  be  advisable  to  communicate 
with  the  Secretary. 


COMPANIES  ACT   1915. 


MEMORANDUM 


AND 


ARTICLES  OF  ASSOCIATION 


OF  THE 


Australasian  Institute  of  Mining 
and    Metallurgy    (Incorporated). 


MKI.BOURN'K: 
ARNALL  &  JACKSON.  HRI.NTKRS.  478  COLLINS  STREET. 

\91\. 


COMPANIES    ACT    1915.  ^ 

No.  2631,  Section  24. 


Ql^rttfiratr  nf  Jurur^nratton. 


This  is  to  certify  that  "Australasian  Institute  of 
Mining  and  Metallurgy  {Incorporated)  "  is  this  day  incor- 
porated under  the  Companies  Act  1915  and  that  the 
Company  is  limited  by  guarantee. 

Given  under  my  hand  at  Melbourne  this  Seventh 
day  of  April,  1921. 


J.  EDWARDS, 

Deputy  Registrar-General.     {  skal.  | 


MEMORANDUiM    OF    ASSOCIATION 

OF  THE 

Australasian    Institute    of    Mining    and 

Metallurgy  (Incorporated). 


I.  The  name  of  the    Association  is  the   "  Australasian   Institute  of 
Mining  and  Metallurgy  (Incorporated)." 

II.  The  Registered  Office  of   the  Institute  shall  be  situated  in   the  State 
of  Victoria. 

III.  Tlie  Objects  for  which  the  Institute  is  established   are:  — 

(n)  To  acquire  and  take  over  the  whole  or  any  of  the  assets  and 
liabilities  of  tiie  unincorporated  Australasian  Institute  of  Mining 
and  Metallurgy. 

(6)  To  promote  tlie  welfare  and  advancement  of  the  mining  and 
metallurgical  industries  in  all  or  any  of  their  branches,  and  all 
matters  connected  with  or  relating  to  the  production  of  minerals. 

(f).  To  promote  and  facilitate  the  interchange  of  information,  ideas, 
and  practice,  on  all  matters  pertaining  to  mining  and  metallurgy  ; 
to  watch  over,  promote,  and  protect  the  mutual  interests  of  the 
members  and  to  provide  facilities  for  promoting  and  maintaining 
professional  intercourse  among  them  by  means  of  meetings, 
discussions  and  papers,  and  to  publish  and  issue  same. 

((/)  To  watch,  and,  if  necessary,  take  action  in  public  matters  incident 
to  the  mineral  industry  by  making  representations  to  the  Legis* 
Uitures,  public  dt-partrnvnts,  and  othc-rs  ;  by  seeking  improve- 
ments in  the  law  and  its  administration  by  petitioning  Parlia- 
ment and  by  taking  such  other  steps  and  proceedings  a.s  may  be 
deemed  exiM-dieiit  hi  the  uiterests  of  the  public   and  the  Institute. 

(c)  To  promote  technical  education  in  connection  with  mineral 
industries. 

(/)  To  enrourage  original  research  in  matters  connecte<i  with  the 
mineral  industry. 

{<])  To  watch  over  the  general  working  conditions  and  to  protect  the 
welfare  of  all  those  engaged  in  the  mining  and  metallurgical 
industry. 


{h)  To  promote  just  and  honorable  practice  in  the  profession  of 
mining  and  metallurgical  engineering,  management  and  adminis- 
tration, and  to  suppress  malpractices. 

(i)  To  establish  Branches  and  Divisions  for  the  promotion  of  all  or 
any  of  the  objects  of  the  Institute  and  to  make  regulations  or 
by-laws  governing  the  same. 

(/)  To  secure  the  establishment  and  maintenance  of  a  register 
of  mining  engineers  and  metallurgists  duly  quaUfied  to  practise 
as  such  in  Australasia. 

(it)  To  take  steps  to  ensure  that  the  prospectus  of  every  new  mining 
or  metallurgical  enterprise,  intended  for  pubUc  subscription,  shall 
be  supported  by  a  report  from  a  qualified  mining  engineer  or 
metallurgist  who  is  registered  according  to  clause  (;'). 

(/)  To  secure  and  maintain  as  far  as  possible  uniformity  of  mining 
legislation  in  the  different  States  and  New  Zealand. 

(m)  To  encourage  and  promote  the  geological  survey  of  the  Common- 
wealth of  Australia  and  the  Dominion  of  New  Zealand,  and  their 
systematic   prospecting   on   scientific   lines. 

(n)  To  urge  upon  the  Government  of  the  Commonwealth  or  of  any 
of  the  Australian  States  or  the  Dominion  of  New  Zealand  the 
desirabiUty  of  having  on  any  Royal  Commission,  committee, 
or  court  of  inquiry  appertaining  to  the  production  of  minerals, 
a  member  or  adviser  who  is  registered  in  accordance  with 
clause  ij)  as  a  duly  qualified  mining  engineer  or  metallurgist. 

(o)  To  purchase,  acquire,  hire  or  lease  any  freehold  or  leasehold 
property  for  the  purposes  of  the  Institute,  and  to  improve,  alter 
and  develop  the  same  by  the  erection  of  any  buildings  thereon 
or  otherwise,  and  generally  to  utilize  such  property  to  the  best 
advantage,  and  to  sell,  lease,  place  under  option  or  otherwise 
dispose  of  any  such  property  or  any  -assets  or  effects  of  the 
Institute  for  such  consideration  and  upon  such  conditions  as 
the   Institute   may   think   fit. 

(p)  To  raise  or  borrow  money  in  such  manner  and  upon  such  terms 
and  securities  as  the  Institute  shall  think  fit  and  to  secure  the 
repayment  thereof  in  any  way,  and  in  particular  by  the  issue  of 
debentures  or  dcljcnture  stock  or  by  giving  mortgages,  charges 
or  securities  charged  upon  or  over  all  or  any  of  the  Institute's 
real  and  personal  j)roperty,  both  present  and  future,  and  to 
purchase,  pay  of!  c>r  redeem  any  such  securities. 

(q)  To  invest  any  moneys  of  the  Institute  in  such  investments  or 
securities,  or  in  such  manner  as  the  Institute  may  think  expedient. 

(r)  To  procure  the  Institute  to  bo  legalized,  domiciled,  recognized  or 
regintered  in  any  other  State;  of  the  Commonwealth  of  Australia 
or  in  the  Dominion  of  New  Zealand  or  any  other  country  or 
place. 


{s)    To  do  all  such  other  things  as  may  appear  to  be  conducive  to  the 
attainment  of  the  above  objects  or  any  of  theia. 

IV. — The  income  and  property  of  the  Institute,  whencosoever  derived,  shall 
be  applied  solely  towards  the  promotion  of  the  olijects  of  the  Institute  as 
set  forth  in  this  Memorandum  of  Association,  and  no  portion  thereof  shall 
be  paid  or  transferred,  directly  or  indirectly,  by  way  of  dividend,  bonus  or 
otherwise  howsoever  by  way  of  profit  to  the  members  of  the  Institute. 
Provided  that  nothing  herein  contained  shall  prevent  the  payment  in  good 
faith  of  remuneration  to  any  officers  or  servants  of  the  Institute  or  other 
person  not  being  a  member  of  the  Institute  in  return  for  any  services 
actually  rendered  to  the  Institute,  the  carrying  out  or  giving  effect  to 
any  of  the  objects  comprised  in  or  referred  to  in  Clause  III.  of  this 
Memorandum,  or  the  payment  of  railway  or  other  fares  to  members  or  persons 
attending  Council  or  Committee  meetings,  or  the  payment  in  good  faith  of 
the  out-of-pocket  expenses  of  delegates  appointed  by  the  Council  to  attend 
the  meetings  of  other  institutions  or  bodies  as  representatives  of  the 
Institute. 

V.  Paragraph  IV.  of  this  Memorandum  Is  a  condition  on  which  a  licence 
is  granted  by  the  Attomey»Genera]  to  the  Institute  in  pursuance  of  section  27 
of  the   "  Companies   Act    1915." 

VI.  If  any  member  of  the  Institute  pays  or  receives  any  dividend,  bonus, 
or  other  profit  in  contravention  of  paragraph  IV.  of  this  Memorandum,  the 
liabihty  of  every  member  of  the  governing  Inxly  of  the  Institute  wl»u  has 
concurred  in  or  authorized  such  payment  shall  be  unlimited,  and  the  liability 
of  every  member  of  the  Institute  wlio  has  received  any  such  dividend,  bonus 
or  other  profit  as  aforesaid  shall  likewise   be  unlimited. 

VII.  Subject  to  the  last  preceding  paragraph,  the  liabihty  of  the  ni<rnber> 
ia  limited. 

VIII.  Every  member  of  the  Institute  undertakes  to  contribute  to  the 
assets  of  the  Institute  in  the  event  of  the  same  iK'ing  wound  up  during  the 
time  he  Is  a  member  or  within  one  year  afterwards  for  payment  of  the  debts 
and  liabilities  of  the  Institute  contracted  before  the  time  at  which  he  ceased 
to  be  a  member,  and  of  the  costs,  ciiarges  and  expenses  in  winding  up  the 
same,  and  for  the  adjustment  of  the  rights  of  the  contributories  among  them- 
selves such  amount  as  may  be  required  not  exceeding  £1,  or,  in  case  of  his 
liabihty  becoming  unhmited.  sucli  other  amount  as  may  Ik'  required  in 
pursuance  of  paragraph  VI.  of  this  Memorandum. 

IX.  If  upon  the  winding  up  or  dissolution  of  the  Institute  there  remains, 
after  the  satisfaction  of  all  its  debts  and  liabilities,  any  propi-rty  whatsoever, 
the  same  shall  not  l)o  paid  to  or  distril)uted  among  the  members  of  the 
Institute  but  shall  be  given  or  transferred  to  some  Association  or  Associations 
having  Objects  similar  to  the  Objects  of  the  Institute,  to  Ix'  detormint^l  by 
the  members  of  the  Institute  at  or  l>efore  the  time  of  dissolution  and  in 
default  thereof  by  such  judge  of  the  Supreme  Court  as  has  or  acquires  juris- 
diction  in  the  matter. 
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We.  the  several  persons  whose  names  and  addresses  are  subscribed 
hereto,  are  desirous  of  being  formed  into  an  association  in  pursuance  of  this 
Memorandum  of  Association. 

NAMES.  ADDRESSES  AND  DESCRIPTIONS  OF  SUBSCRIBERS. 

ROBERT  WILLIAM  CHAPMAN, 

Professor  of  Engineering, 

The  University  of  Adelaide. 
GEORGE  CHARLES  KLUG, 

Mining  Engineer, 

360  ColUns  Street,  Melbourne. 

WILLIAM  EDWARD  WAINWRIGHT, 

Mining  Engineer, 

360  Collins  Street,  Melbourne. 
GEORGE  WEIR, 

Mining  Engineer, 

360  Collins  Street,  Melbourne. 

COLIN  ERASER, 

Mining  Engineer, 

Collins  House,  Melbourne. 


Dated  the  18th  day  of  March,  1921.  « 

Witness  to  all  the  above  signatures  other  than  that  of  Robert  William 
Chapman — 

DAVID   LAUDER  STIRLING, 

Secretary, 

48  Queen  Street,   Melbourne. 

Witness  to  the  above  signature  of  Robert  William  Chapman — 

HERBERT  WILLIAM  GARTRELL, 

Lecturer  on  Mining  Engineering, 

Adelaide  University,  S.A, 


ARTICLES    OF    ASSOCIATION 

OF    THE 

Australasian    Institute    of    Mining    and 

Metallurgy   (Incorporated). 


PRELIMINARY. 

1.  In  these  Articles,  unless  there  be  something  in  the  subject  or  context 
inconsistent  therewith — 

"  Institute "  shall  mean  the  Australasian  Institute  of  Mining  and 
Metallurgy  (Incorporated). 

"  Minerals  "  shall  include  all  useful  metalliferous  and  non-metalliferous 
minerals,  including  coal  and  mineral  oils  and  also  metals  and 
their  compounds. 

"  Mining "  shall  include  mining  geology,  and  "  Metallurgy "  shall 
include  metallurgical  chemistry. 

"State"  shall  include  each  State  of  the  Commonwealth  of  Australia 
and  the  Dominion  of  New  Zealand. 

"  The  Register  "  means  the  register  of  members  to  be  kept  in  accordance 
with  Section  32  of  the  "  Companies  Act  1915." 

"  Month  "   means  calendar  month. 

*'  The  office  "  means  the  registered  office  for  the  time  Ijeing  of  the 
Institute. 

"In  writing"  means  written,  printed,  or  typed,  or  partly  written  and 
partly  printed  or  typed,  aod  includes  lithography  and  any  other 
substitute  for  writing. 

Words  importing  the  singular  numljer  only  include  the  plural,  and  vice  versa. 

2.  In  these  Articles  "member"  shall,  except  where  the  subject  or  con- 
text clearly  indicates  that  such  term  is  used  to  indicate  a  iK?rson  belonging 
to  a  particular  grade  of  membership  or  a  member  of  the  Council  or  any 
committee,  or  where  the  term  is  used  in  conjunction  with  the  words 
**  Associate  "  or  "  Corporate  "  or  otherwise,  where  the  subject  or  context 
will  not  so  permit,  be  deemed  to  include  all  persons  lH.*coining  or  elected 
members  of  any  of  the  grades  of  membership  hereinafter  referred  to. 

3.  For  the  purposes  of  registration,  the  numl)er  of  members  of  the 
Institute  is  declared  not  to  exceed  six  hundred.  The  Council  may, 
whenever  it  thinks  fit,  register  an  increa-ne  of  members. 
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ORGANIZATION. 

4.  Branches  may  be  formed  throughout  the  Commonwealth  of  Australia 
and  the  Dominion  of  New  Zealand,  with  the  approval  of  the  Council,  upon 
the  request  of  a  sufficient  number  of  corporate  members. 

5.  Whenever  it  may  appear  expedient,  members  resident  in  any  State  of 
the  Commonwealth  or  in  New  Zealand  may  be  organized  by  the  Council  into 
a  Division  in  order  to  more  effectually  carry  out  all  or  any  of  the  objects  of 
the  Institute  in  the  States  of  tb.e  Commonwealth  concerned  or  New  Zealand. 

6.  The  Council  shall  have  power  to  appoint  a  local  correspondent,  in 
places  where  there  is  no  Branch,  whose  functions  shall  be  to  keep  the 
Council  informed  on  local  mining  conditions  affecting  the  Institute  and 
to  investigate  and  advise  the  Council  on  any  matter  of  local  importance 
•which  may  be  submitted  to  him. 

MEMBERSHIP. 

7.  Tlie  Institute  shall  consist  of  Members  and  Associate  Members  who 
shall  be  Corporate  Members  ;  and  of  Juniors  and  Students, 

8.  All  Members,  Associate  Members  and  Students  of  the  unincorporated 
Australasian  Institute  of  Mining  and  Metallurgy  automatically  become 
members  of  the  same  class  of  membership  in  the  Institute  on  incorporation, 
on  payment  of  arrears,  if  anj%  due  to  the  unincorporated  Australasian 
Institute  of  Mining  and  Metallurgy. 

,9.  All  Members,  Associate  Members,  Juniors  and  Students  shall  be  equally 
entitled  to  the  privileges  of  membership,  provided  that  Juniors  and  Students 
shall  not  be  entitled  to  vote  or  act  as  ofHcers. 

10.  Any  Member,  or  Associate  Member,  having  occasion  to  designate 
himself  as  belonging  to  the  Institute,  shall  state  the  grade  to  which  he 
belongs  according  to  the  following  abbreviated  forms  respectively  :  M.  Aus. 
I.M.M.,  A.  M.  Aus.  I.M.M. 

11.  Members. — Every  candidate  for  election  or  transfer  into  this  grade 
shall  be  at  least  thirty  (30)  years  of  age,  and  shall  have  been  engaged  in 
practising  liLs  profession  in  some  section  of  Mining  or  Metallurgy  for  at  least 
twelve  (12)  years,  during  which  period  he  shall  have  occupied  a  responsible 
position  in  the  design,  construction,  management  or  operation  of  important 
work  or  plant  for  at  least  five  (.5)  years,  and  shall  have  acquired  some  degree 
of  eminence  in  the  profession.  He  shall  furtiier  satisfy  the  Council  that 
he  ha.s  received  a  good  general  and  technical  education  or  training.  The 
term  of  twelve  (12)  years  may,  at  the  discretion  of  the  Council,  be  reduced 
to  ten  (10)  years  in  the  case  of  a  candidate;  who  has  graduati^d  at  a  Mining 
School  recognized  by  the  Council,  or  wIk)  has  passed  Kuch  other  examination 
as  in  the  opinion  of  the  Council  is  considered  sufficient.  Teachers  of  Mining 
or  Metallurgy  recognized  by  the  Council  shall  be  considered  as  practising 
their  profession. 

12.  Associate  Members. — Every  candidate  for  election  or  transfer  into 
this  grade  shall  be  at  least  twenty-five  (25)  years  of  age  and  shall  produce 
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evidence  to  the  satisfaction  of  the  Council  that  he  has  been  trained  as  a 
mining  engineer  or  metalhirgLst,  and  has  been  engaged  in  the  practict*  of  his 
profession  for  at  least  four  (4)  years,  excluding  apprenticeship,  pupilage  or 
training,  provided  such  term  shall  be  deemed  satisfactory  by  the  Council. 
In  the  case  of  graduates  of  Mining  Schools,  recognized  by  the  Council,  the 
term  of  four  years  may  be  reduced  to  three  years.  Every  candidate  shall 
pass  an  Associate  Membership  examination  before  a  Board  of  Examiners 
appointed  by  the  Council,  but  he  maj-  be  exempted  if — 

(a)  He  has  already  passed  an  examination  which,  in  the  opinion  of 
the  Council,  is  equivalent  to  the  Associate  Membership  ex- 
amination ;  or 

[b)  Having  attained  the  age  of  30  years  he  can  produce  evidence 
that  he  has  had,  excluding  apprenticeship,  pupilage  or  training, 
at  least  eight  years'  experience,  partly  in  the  office  and  partly 
in  or  upon  mining  or  metallurgical  plant  or  work,  provided 
that  such  experience  shall  be  deemed  satisfactory  by  the 
Council. 

I'.i.  Juniors. — Every  candidate  for  election  or  transfer  into  this  grade 
shall  l^e  at  least  twenty-one  (21)  years  of  age  and  shall  have  been  engaged 
in  some  section  of  Mining  or  Metallurgy  for  at  least  four  (4)  years,  and  shall 
have  had  such  experience  as  will  enable  him  to  fill  a  subordinate  position 
in  Mining,  Metallurgical  or  allied  industries.  The  period  of  four  years  may 
be  reduced  to*  one  year  in  the  case  of  a  candidate  who  has  graduated  in  a 
Mining  School  recognized  by  the  Council.  Every  candidate  who  is  not  a 
graduate  from  some  Mining  School  recognized  by  the  Council  shall  satisfy 
the  Council  that  his  general  and  technical  education  is  up  to  the  required 
standard.  No  person  shall  remain  in  the  grade  of  Junior  for  more  than 
ten  (10)  3'eaps  from  tlie  time  of  his  election  or  transfer. 

14.  Students. — Every  candidate  for  election  into  this  grade  shall  be  at 
least  seventeen  (17)  years  of  age.  He  must  either  be  a  student  of  some 
Mining  School  recognized  by  the  Council  or  occupy  some  subordinate 
position  connected  with  the  practice  or  science  of  some  section  of  Mining 
or  Metallurgy.  He  shall  satisfy  the  Council  that  lie  luvs  received  or  is 
receiving  training  as  Mining  Engineer  or  Metallurgist,  and  has  received  or 
intends  to  obtain  sufficient  practical  and  scientific  training  to  tit  him  for  a 
res|)onsible  position  m  the  Mining  Industry.  No  jK'rson  shall  continue  as 
a  Student  if  he  ceases  to  folhjw  the  profession,  nor  in  any  case  after  a  |)eriod 
of  six  (6)  years  from  election. 

ADMISSION,  TRANSFER,  RESION.VriOX  AM)  EXPULSION. 

15.  Every  proposal  for  admission  as  Meml)er,  .\ssoeiate  MemU'r,  .Funior 
or  Student,  or  for  transfer  from  one  grade  to  another  shall  be  in  aeeordance 
with  a  prescribed  form  on  which,  over  the  signature  of  the  candidate,  his 
name,  age,  usual  residenee  and  qualifieation,  shall  be  di^tinetly  stated  and 
which  sliiill  eontain  an  undertaking  by  the  canditlate,  it  eleete<l  or  trans- 
ferred, to  conform  to  the  Memorandum  and  Articles  of  Association  of  the 
Institut*'  and  any  rules  and  regulations  made  by  the  Council. 

Hi,    Every   proposal   for   admission    to   the   grades   of   MemU'r,    Associate 
Memlier  or  Junior  shall  1x3  signed  by  not  less  than  three  Cor|X)rate  Meml>ers 
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each  of  whom  must  certify  to  personal  knowledge  of  the  candidate  and  a 
full  conviction  of  his  qualifications.  In  special  circumstances,  where  the 
candidate  cannot  obtain  three  signatures  of  corporate  members  possessing 
personal  knowledge,  the  Council  may  admit  the  candidate  on  production 
of  satisfactory  evidence  as   to  qualification   and  character. 

17.  Every  proposal  for  admission  to  the  grade  of  Student  shall  be  signed 
by  the  Principal  or  Instructor  in  Mining  or  Metallurgy  of  the  Mining  School  in 
which  the  Student  is  studying,  or  by  two  Corporate  Members  of  the  Institute. 

18.  The  proposal  form  when  completed  shall  be  forwarded  to  the  Secretary 
\rho  shall  submit  it  to  the  Council  for  consideration. 

19.  Tlie  Council  shall  seek  confirmation*  of  and  determine  whether  the 
qualifications  of  a  candidate  are  in  accordance  with  the  Articles  of  Associa- 
tion of  the  Institute  and,  if  so,  may  admit  the  candidate  to  the  grade  for 
which  he  is  qualified. 

20.  All  elections  shall  take  place  by  ballot  of  Members  oi  Council  and,  if 
the  majority  of  the  Council  voting  be  in  favour  of  the  candidate,  he  shall  be 
declared  elected  and  shall  be  duly  notified  by  letter  of  the  fact  by  the 
Secretary. 

21.  Every  person  shall  become  a  Member.  Associate  Member,  Junior  or 
Student  of  the  Institute  in  the  class  to  which  he  is  elected,  upon  payment 

of  his  prescribed  entrance  fee  (if  any)  and  first  annual  subscription. 

22.  The  Council  may,  in  its  absolute  discretion,  refuse  to  approve  the 
apphcation  for  admission  or  transfer  of  any  applicant,  and  in  the  event  of 
disapproval  shall  not  be  required  to  state  or  assign  any  reason  therefor. 

23.  Xo  rejected  candidate  for  election  shall  be  nominated  again  until  a 
period  of  twelve  months  shall  have  •elapsed  since  his  rejection. 

24.  A  member  of  any  grade  in  the  Institute  may  resign  his  membership 
by  a  written  communication  to  the  Secretary,  which  shall  be  accepted  if  all 
his  dues  and  other  indebtedness  have  been  paid  as  provided  by  the  Articles 
of  Association. 

25.  The  Council  shall  have  the  right  by  a  majority  of  four-fifths  of  those 
who  record  their  vote,  provided  that  at  least  half  the  number  of  Council 
vote,  to  suspend  or  expel  from  the  Institute  any  Member  of  any  grade  of 
the  Institute  who  may  be  convicted  by  a  competent  tribunal  of  felony, 
emUzzlement,  larceny,  or  misdemeanour,  or  other  offence  or  of  any  conduct 
which  in  the  opinion  of  the  Council  renders  him  undesirable  as  a  member; 
and  in  the  case  of  the  Council  being  of  the  opinion  that  the  conduct  of 
any  memlxjr  of  any  grade  of  the  Institute  is  such  as  warrants  it  being 
the  subject  of  enquiry  with  a  view  of  ascertaining  whether  there  are 
grounds  for  his  susfKjnsion  or,  ox  pulsion  ;  or  in  case  ten  or  more  Corporate 
Memlxfrs  shall  think  fit  to  draw  up  and  sign  a  proposal  for  the  expulsion 
of  a  memlxT  oi  any  grade  on  any  grounds  whatever  and  shall  d<'liver 
the  same  to  the  Secretary  to  Ik-  laid  before  the  Council  for  considera- 
tion, the  Council  shall  call  upon  the  person  so  charged  for  an  explana- 
tion iinl  shall  make  such  other  enquiry  as  it  deems  adequate  and 
if  it  does  not  find  sufTicient  reason  for  susj^K-nsion  or  expulsion  no  entry 
of    the    enquiry  shall    be    made    in    the  Minutes,  but,    if    the  Council    by 


a  majority  of  at  least  four-fifths  of  those  voting,  provided  at  least  half 
•the  number  of  Council  vote,  does  find  good  reason  for  expulsion  of  the 
member  on  the  ground  that  he  has  been  guilty  of  disgraceful  conduct  in  any 
professional  respect,  it  shall  direct  tlie  Secretary  to  address  a  letter  to  the 
person  proposed  to  be  expelled,  requesting  him  to  withdraw  from  the 
Institute.  If  he  immediately  withdraws  from  the  Institute  there  shall  be 
no  entry  in  the  Minutes  nor  discussion.  If  not  complied  with,  the  Council 
shall  cause  such  person's  name  to  bo  erased  from  the  Register  of  the 
Institute,  thus  expelling  him  from  the  Institute.  Due  notice  shall  be  sent 
by  the  Secretary   to  the  expelled  person. 

26.  The  rights  and  privileges  of  members  of  any  grade  shall  cease  im- 
mediately upon  their  resignation  or  upon  removal  of  a  member's  name  from 
the  Register  of  the  Institute  for  any  cause. 

PROFESSIONAL   COXDUCT. 

27.  Every  member  of  the  Institute  shall  observe  and  be  bound  by  the 
following  regulations  :  — 

(a)  He  shall  act  in  all  professional  matters  strictly  in  their  fiduciary 

manner  with  regard  to  any  client  whom  he  may  advise,  and  his 
charges  to  such  client"*  shall  constitute  his  only  remuneration 
in  connection  with  such  work,  except  as  provided  by  sectioa  (d) 
of  thU  Article. 

(b)  He  shall  not  accept  any  trade  commissions,  discounts,  allowances 

or  any  indirect  profit  in  connection  with  any  work  which  he  is 
engaged  to  design  or  to  superintend  or  with  any  professional 
business  which  may  be  entrusted  to  h»m. 

(c)  He  shall  not.  while  acting  in  a   professional  capacity,  be  at  the 

.saine  time  a  director  or  member  of  or  a  shareholder  in  or  act  as 
agent  for  any  mining  or  metallurKical  enterprise,  contracting  or 
manufacturing  company  or  firm  or  business  with  which  he  may 
have  oi-casion  to  deal  on  behalf  of  his  clients,  or  have  any 
financial  interest  in  such  business,  without  disclosing  the  fact 
in  writing  to  his  clients. 

(d)  He  shall  not  receive  directly  nor  indirectly  any  royalty,  gratuity 
or  commission  on  any  patented  or  protected  article  or  process 
used  on  work  which  he  is  carrying  out  for  his  clients,  unless  and 
until  such  royalty,  gratuity  or  commission  has  been  autliorized 
in   writini;   by  those  clients. 

(t)  He  siuill  not  improperly  solicit  professional  work  either  directly 
or  by  an  agent,  nor  shall  he  pay  by  commission  or  otherwise  any 
person    who    may    intro«-uce   clients   to    him. 

{f)  He  shall  not  be  the  medium  of  payments  made  on  his  client's 
behalf  to  any  contractor  or  business  firm,  unless  specially  so 
requested  by  his  client,  but  shall  only  issue  certificates  or 
rcconinicndations    for    payment    by    his    client. 

Any  alleged  breach  of  these  regulation.s  or  any  alleged  unprofessional 
conduct  by  a  inemlH-r.  which  may  be  brought  before  the  Council,  shall  bo 
investigated  and,  if  proved,  shall  be  dealt  with  by  the  Council  in  accor- 
dance with  .Article  25. 
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SUBSCRIPTIONS. 

2S.  Each  Member  on  election  sliall  pay  an  entrance  fee  of  two  guinea* 
and  an  annual  subscription  of  two  guineas. 

29.  Each  Associate  Member  on  election  or  transfer  from  a  lower  grade 
shall  pay  an  entrance  fee  of  one  and  a  half  guineas  and  an  annual  sub- 
scription of  one  and  a  half  guineas.  On  transfer  from  Associate  ]\Icmber 
to  Member  each  Associate  Member  shall  pay  a  transfer  fee  of  half  a  guinea. 

.30.  Each  Junior  on  election  shall  pay  an  annual  subscription  of  one  guinea. 

31.  Each  Student  on  election  shall  pay  an  annual  subscription  of  one  half 
guinea. 

32.  Annual  subscriptions  shall  become  due  on  the  first  day  of  January 
in  each  year,  and  any  member  whose  subscription  is  twelve  (12)  months 
in  arrears  shall  not  be  entitled  to  attend  or  participate  in  any  meeting  or 
business  of  the  Institute  until  such  subscription  be  paid. 

33.  Any  member  whose  subscription  is  twelve  (12)  months  in  arrears  shall 
be  reported  to  the  Council,  who  shall  direct  application  to  be  made  for  the 
immediate  pa3rmcnt  of  the  same  and,  in  the  event  of  the  subscription  con- 
tinuing in  arrears  for  two  months  after  the  date  of  the  said  application, 
the  Council  shall  have  power  to  remove  the  name  of  the  defaulter  from 
the  Register  of  the  Institute.  Provided  that  he  may  be  restored  to 
membership  by  the  Council  on  payment  of  all  arrears. 

34.  Any  member,  elected  within  three  months  preceding  the  commence- 
ment of  a  new  year,  shall,  on  payment  of  his  annual  subscription,  be 
entitled  to  membership  for  the  remainder  of  that  year  and  the  ensuing 
one,  except  that  he  shall  not  be  entitled  to  the  Proceedings  of  that  year  in 
the  latter  end  of  which  he  was  elected. 

35.  Tlie  Council  may,  at  its  discretion,  remit  the  annual  subscription  or 
the  arrears  of  annual  subscriptions  of  any  Mcftnber  or  Associate  Member  who 
shall  have  been  a  subscribing  member  for  not  less  than  two  years. 

36.  Any  Member  or  Associate  Member,  whose  subscription  is  not  in 
arrears,  may  at  any  time  compound  for  future  annual  subscriptions  by  the 
payment  of  twenty  (20)  guineas,  if  paid  in  any  one  of  the  first  five  (5)  years 
of  his  raemljership.  If  paid  subsequently  the  sum  of  twenty  (20)  guineas 
to  be  rc*duced  by  one -half  guinea  for  every  year  of  membership  after  five 
(5)  years.  In  either  case  the  composition  subscription  is  inclusive  of  the 
ordinary  subscription  paid  or  payable  in  respect  of  the  year  in  which  he 
may  compound. 

THE   COUNCIL. 

37.  The  Council  shall  consist  of  not  more  than  twenty-eight  (28)  members 
comprising  a  Prenident,  the  past  President  who  last  held  office  and  is  willing 
to  act,  eight  (H)  ordinary  members  of  Council  to  be  oU'cUhI  by  the  whole 
of  the  Cor[)oral<.  Members,  anrl  sixteen  (10)  ordinary  members  to  be  elected 
by  the  States  in  pro[K>rtion  to  the  number  of  Cor[)oratc  Members  resident 
therein  :  no  State  to  have  less  than  one  member  of  Council  to  represent 
it.  Two  of  the  ordinary  members  of  Council  shall  act  as  Vice-Presidents. 
They  shall  hold  office    for   two  years  or  until    their  successors  take    office* 
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Tlie  first  Council  shall  consist  of  Professors  R.  \V.  Chapman,  E.  W.  Skeats, 
and  D.  B.  Waters  and  Messrs.  E.  G.  Banks,  G.  H.  Blakemore,  A.  A.  Boyd, 
John  M.  Bridge,  Geo.  H.  Broome,  W.  H.  Corbould,  C.  F.  Courtney.  G.D. 
Delprat,  Colin  Fras'^r,  H  W.  Gepp,  Richard  Hamilton.  H.  Lipson  Hancock. 
James  Hebbard.  H.  Herman,  James  Horsburgii,  A.  S.  Kenyon.  G.  C.  Klug, 
John  W.  Moule,  Robt.  C.  Sticht,  J.  W.  Sutherland,  W.  E.  Wainwright.  and 
George  Weir,  and  they  shall  hold  office  until  their  successors  are  appointed 
as  hereinafter  provided.  The  Council  may  add  to  their  number  from  time 
to  time,  having  regard  to  the  proportional  representation  of  States,  but  so 
that  their    number  shall  not  exceed  the  maximum  number  above  fixed. 

38.  The  President  of  the  Institute  shall  be  elected  annually  by  the  whole 
of  the  Corporate  Members,  but  no  one  shall  be  eligible  for  the  position 
for  more  than  two  consecutive  periods. 

39.  One  Vice-President  shall  be  elected  each  year  by  the  Council  at  its 
first  meeting  from  among  its  own  number,  but  such  election  shall  not  be 
deemed  to  create  a  vacancy  in  the  Council. 

40.  One-half  of  the  Councillors  shall  retire  at  the  end  of  each  calendar 
year  except  the  year  1920.  A  retiring  Councillor  shall  be  eligible  for 
re-election,  and  shall,  unless  he  notifies  his  intention  to  withdraw,  Ix*  deemed 
to  be  duly  nominated  for  the  office. 

41.  The  one-half  to  retire  at  the  end  of  the  year  1921  shall  (unless  the 
Councillors  agree  among  themselves)  be  determined  by  lot,  having  regard 
in  the  case  of  those  selected  by  the  State  to  the  proportional  representation 
of  States.  In  every  subsequent  year  the  one-half  -who  have  been  longest 
in  office  shall  retire.  As  between  two  or  more  Councillors  \\ho  have  been 
in  office  an  equal  length  of  time,  the  Councilloi-s  to  retire  in  any  year  shall, 
in  default  of  agreement  Ijctween  the  retiring  Councillors.  \)c  determined  by 
lot.  The  length  of  time  a  Councillor  has  been  in  office  shall  be  computed 
from  his  last  election  or  appointment. 

42.  Only  persons  of  the  grade  of  Member  may  be  nominated  for  election 
to  the  Council. 

43.  Tlie  President  and  Councillors  shall  be  elected  in  the  month  of 
XovemV)er  of  each  year  by  postal  ballot,  but  shall  not  take  office  till  the  first 
of  January  of  the  following  year. 

44.  Any  Corporate  Member  may  nominate  a  candidate  for  the  position 
of  IVesident  or  Councillor  provided  that  the  nomination  be  supported  by 
at  lea.^t  three  other  Corporate  Memljci-s.  The  nomination,  which  must  be 
in  writing  and  endorsed  by  the  person  nominated,  must  be  in  the  hands  of 
the  Secretary  not  later  than  1st  SeptemlxT  of  each  year  and  the  Secretary 
shall,  not  less  than  forty  (40)  days  Ix'fore  the  date  tixed  for  the  closing  of 
the  ballot,  post  to  every  Corporate  Member  a  list  of  all  nomination* 
received,  biit  shall  not  send  the  name  of  any  |)erson  nominate<i  who  may  be 
ineliyible  for  election   to  such  offi"  . 

45.  If  through  any  cause  the  office  of  President  becomes  vacant,  the 
Council  shall  elect  a  successor  from  among  the  Vice-President.'?  for  the 
unexpired  jxirtion  of  the  term  ;  l)ut  this  shall  not  atlect  his  possible  sub- 
sequent election  under  clause  38. 
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46.  If,  through  any  cause,  the  office  of  a  Vice-President  becomes  vacant, 
a  successor  for  the  unexpiied  portion  of  the  term  shall  be  elected  by  the 
Council  from  among  its  o^^^l  members. 

47.  If  a  sutHcient  number  of  nominations  for  the  Council  are  not  received, 
the  Comicil  shall  make  the  necessary  nomination  or  nommations. 

48.  Any  member  of  Council  who  is  unable  to  attend  a  full  meeting  of 
Council,  as  defined  in  clause  60,  may  nom"inate  a  member  to  act  as  his 
substitute,  but  the  Secretary  must  be  notified  in  writing  before  the 
meeting. 

49.  Any  vacancy  in  the  office  of  Councillor  shall  be  filled  by  the  Council 
for  the  unexpired  portion  of  the  term,  due  consideration  being  given  to  the 
State   that   the  former  Councillor  represented. 

50.  Should  a  Coimcillor  be  unable  to  attend  to  his  duties  and  fail  to  resign, 
or  to  obtain  leave,  the  Council,  after  due  warning,  may  appoint  a  substitute 
for  the  unexpired  portion  of  the  term,  due  consideration  being  given  to  the 
State  that  the  Councillor  represented. 

51.  It  shall  be  the  duty  of  the  Council  to  provide  for  the  proper  conduct 
of  the  business  of  the  Institute,  and  to  provide  every  possible  means  for  the 
advancement  of  the  interests  of  the  Institute  and  of  the  objects  embraced 
within   its  scope. 

52.  Any  difference  of  opinion  arising  with  regard  to  the  Memorandum 
or  Articles  of  Association  of  the  Institute  or  their  interpretation  shall  be 
submitted  to  the  Council,  whose  decision  shall  be  final. 

53.  The  Council  shall  have  the  right  to  make  by-laws  for  the  carrying  out 
of  the  business  of  the  Institute  ;  provided  such  by-laws  are  in  accordance 
with  the  Memorandum  and  Articles  of  Association  of  the  Institute. 

SECRETARY  AND  TREASURER. 

54.  A  Secretary  shall  be  appointed  by  the  Council.  His  remuneration 
shall  be  determined  by  the  Council  and  he  shall  hold  office  subject  to 
removal  Vjy  an  affirmative  vote  c  f  a  majority  of  the  members  of  Council. 

55.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction  of  the 
Council :  — 

(a)  to  conduct  the  ordinary'  business  of  the  Institute  ; 

(6)  to  keep    an  accurate  record  of   the  proceedings  of  the  Institute 

and  of  the  Council  ; 
(c)  to  keep  a  correct  roll  of  members'  names  and  addresses  and  dates 

of    admission    and    transfer,    this     roH    to    be    known    as    the 

"  Register  of  the  Institute  "  ; 
{d)  to  collect     the  subscriptions    and  to    keep    correct  accounts   of 

expenditure  and   receipts  ; 
(e)  to  conduct  the  correspondence  of  the    Institute  ; 
(/)  ^>    gi^'^    notice     of    all    meetings    of    the    Council    and    general 

meetings  of  the   Institute  ; 
(g)  to    HupervLse   the  printing  and  to  edit    the    publications   of   the 

Institute  ;   and 
{h)  to  perform  any  such  other  duties  as  the  Council  may  determine. 
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56.  There  shall  be  an  Honorary  Treasurer,  elected  annually  by  the  Council 
at  its  first  meeting,  who  must  be  a  Corporate  Memlx^r  residing  in  the  locality 
of  the  headquarters  of  the  Institute.  If  not  a  Councillor,  he  shall  never- 
theless attend  the  meetings  of  the  Council  and  maj-  take  part  in  the  delibera- 
tions but  may  not  vote.  He  shall,  subject  to  any  expressed  provision  in  the 
Memorandum  and  Articles  of  Association,  perform  any  sucli  duties  as  the 
Council  may  determine.  Tlie  appointment  of  a  Councillor  to  the  position 
of  Honorary  Treasurer  shall  not  be  deemed  to  create  a  vacancy  in  the 
Council. 

57.  An  Auditor,  who  shall  be  a  public  accountant  resident  in  the  locality 
of  the  headquarters  of  the  Institute,  shall  be  appointed  at  the  Annual  Geneial 
Meeting  and  he  shall  be  responsible  lor  the  audit  of  the  accounts  for  the 
ensuing  year  He  shall  have  access,  at  all  reasonable  times,  to  the  accounts 
of  the  pecuniary  transactions  of  the  Institute  and  shall  verify  and  sign  the 
annual  statement  of  accounts  before  it  is  submitted  by  the  Council  to  the 
Annual  General  Meeting.  The  Auditor's  remuneration  shall  be  approved 
by  the  General  Meeting. 

MANAGEMENT. 

oS.  The  location  of  the  headquarters  of  the  Institute  shall  be  determined 
by  the  Council  from  time  to  time. 

59.  All  the  powers  of  the  Institute  and  the  management  and  control  of 
its  business  and  affairs  shall  l^e  vested  in  the  Council,  who,  in  addition  to 
the  powers  and  authorities  by  these  Articles  expressly  conferred  upon 
them,  may  carry  into  effect  all  or  any  of  the  objects  of  the  Institute 
mentioned  in  the  Memorandum  of  .Association,  and  may  exercise  all  such 
powers  and  do  all  such  acts  and  things  as  may  be  exercised  or  done  by  the 
Institute  and  are  not  hereby  or  by  statute  expressly  directed  or  required 
to  be  exercised  or  done  by  the  Institute  in  general  meeting,  and  the  Council 
aball  generally  direct  the  business  of  the  Institute  either  itself  or  through 
committees. 

60.  There  shall  be  at  least  two  meetings  of  Full  Council  per  annum  and 
eight  membei"s  of  Council  shall  form  a  quorum.  A  Full  Council  nu'fting 
is  one  to  which  all  members  of  Council  or  their  nominees  are  summoned  to 
attend. 

61.  The  Council  shall  appoint  an  Executive  Committee  consisting  of 
all  Members  of  the  Council  resident,  or  for  the  time  being,  in  proximity 
to  the  Head  OfHce,  three  Members  of  which  shall  constitute  a  quorum. 
Routine  business  may  be  carried  out  by  the  Executive  Comniitti'e.  but 
matters  of  policy  or  important  business  must  be  submitted  to  all  nicnibors 
of  Council,  and,  except  at  a  meeting  of  Full  Council,  shall  be  decidt-d  by 
postal  ballot.  Copies  of  minutes  of  all  business  transacted  by  the 
Executive  Comniittt't'  must  be  sent  by  the  Secretary  to  the  remaining 
members  of  the  Council  not  more  than  three  days  after. 

62.  Tlie  Council  may  also  appoint  Standing  Committees  who  shall  retain 
office  for  a  period  of  one  year  or  until  their  successors  sliall  bt>  appointetl. 
It  may  at  any  time  ap{>oint  such  other  Committer's  as  may  be  con-^idfred 
advisable.  Tliese  Committees  shall  rejwrt  to  the  Council  and  |x*rform  their 
duties  under  its  supervision. 
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63.  The  Honorary  Treasurer  shall  be  ex  officio  a  member  of  the  Finance 
Committee  which  sliall  include  at  least  three  Members  of  Council. 

04.  The  President  shall  be  ex  officio  a  member  of  every  Committee 
appointed  by  the  Council. 

65.  The  affairs  of  every  Branch  and  Division  shall  be  administered  under  the 
direction  of  the  Council  and  in  conformity  with  the  JMemorandum  and  Articles 
of  Association,  and  the  committees  to  be  appointed  under  the  next  two  suc- 
ceeding Articles  shall  exercise  such  powers  as  the  Council  may  approve. 

66.  Each  Division,  when  expedient,  shall  be  managed  by  a  Committee 
knoAvn  as  a  Division  Committee  elected  annually  by  and  from  the  Corporate 
Members  of  that  Division,  and  consisting  of  a  Chairman,  Committeemen  and 
such  other  officers  as  may  be  deemed  necessary.  Each  Branch  in  a  Division 
shall  have  at  least  one  representative  on  the  Division  Committee. 

67.  Each  Branch  shall  be  managed  by  a  Committee  known  as  a  Branch 
Committee,  elected  annually  by  and  from  the.  Corporate  Members  of  that 
Branch,  and  consisting  of  a  Chairman  and  such  other  officers  as  may  be 
deemed  necessary. 

68.  No  Committee  shall  publish  or  communicate  to  any  party  or  parties 
who  are  not  members  of  the  Institute  any  matter  which  may  purport  to 
represent  the  policy  ©f  the  Institute,  or  any  Branch  or  Division  without  the 
expressed  sanction  of  the  Council. 

69.  Branches  and  Divisions  shall,  within  two  months  of  the  termination  of 
the  financial  year,  forward  reports  and  audited  accounts  to  the  Council. 

70.  The  Council  shall  investigate  any  alleged  or  apparent  irregularity  or 
unconstitutional  act  of  any  Committee  coming  within  its  knowledge,  and, 
if  it  thinks  fit,  shall  call  upon  that  Committee  for  an  explanation  thereof. 
If  the  explanation  be  deemed  insufficient,  the  Council  shall  inquire  further 
into  the  matter,  and,  if  satisfied  that  a  breach  has  been  committed,  it  shall 
notify  the  offending  body  to  that  effect,  and  require  compUance  with  the 
Rules.  Should  any  Committee  disregard  such  instructions,  the  Council 
may  forthwith  dls.solve  such  Committee  and  appoint  another  Committee 
to  carry  out  the  duties  for  the  unexpired  term  of  office. 

BRANCHES  AND  DIVISIONS. 

71.  A  Branch  may  be  authorized  by  the  Council  at  the  written  request 
of  sufficient  Corporate  Members  living  within  an  appropriate  distance  from 
a  central  point. 

72.  Only  one  Branch  shall  be  authorized  in  one  locaUty. 

73.  The  Council  shall  define  the  territory  of  a  Branch. 

74.  Tlie  Council  shall  have  a  right  to  cancel  a  Branch  or  re-adjust  its 
territory. 

75.  ]3ranche«  and  Diviaions  shall  have  tlic  right  to  make  rules  for  its  own 
government,  Hubject  to  the  approval  of  Council,  and  not  inconsistent  with 
the  Memorand\im  and  Articles  oi  Association  of  the  Institiite.  The  Council 
ehail  have  the  right  to  amend,  annul  or  add  to  these  Rules. 
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76.  The  Council  shall  if  required,  and  as  far  as  practicable,  contribute 
from  its  funds  for  the  necessary  running  expenses  of  any  Branch  or  Division, 
an  amount  in  the  former  case  not  exceeding  in  any  year  twenty-five  (25) 
per  cent,  of  the  funds  received  from  the  resident  members  of  the  territory 
belongmg  to  the  said  Branch,  but  in  no  case  to  exceed  the  sum  of  hfty  |X)und[s 
(£50).  which  shall  not  be  cumulative  from  year  to  year,  but  in  cases  where 
the  Council  considers  it  is  under  special  obligations  to  do  so.  the  amount 
paid  may  be  increased  to  fifteen  shillings  (los.)  per  member  j)er  annum. 
Requests  for  such  appropriation  shall  be  signed  bj'  the  Chairman  and 
Secretary  of  the  Branch.  If  the  expenses  of  a  Branch  exceed  the  appropria- 
tion made  by  the  Council,  the  difference  may  be  made  up  by  voluntary 
contributions  by  the  members  of  the  said  Brancli.  The  Institute  shall  not 
be  responsible  for  the  debts  of  any  Branch  or  Division. 

77.  A  Secretary  for  each  Branch  and  Division  shall  be  elected  annually 
by  the  corporate  members  of  the  Branch  and  Uivision. 

BALLOTING. 

78.  Any  important  matter  affecting  the  welfare  or  policy  of  the  Institute 
shall  be  decided  by  secret  postal  billot  of  all  Corporate  Members.  A  state- 
ment prepared  by  the  Council  giving  the  arguments  for  or  against  its 
adoption  shall  be  sent  to  eacli  Corporate  Member  together  with  a  blank 
ballot  paper. 

79.  Any  ballot  paper  for  candidates  or  questions  to  be  decided  shall 
be  deemed  invalid  if  the  number  of  names  or  proposals  remaining  thereon 
shall  exceed  the  number  required. 

80.  The  candidates  elected  or  questions  decided  upon  shall  be  those 
receiving  the  greater  number  of  votes. 

81.  The  voter  shall  strike  out  the  names  on  the  list  of  persons  for  whom 
he  does  not  intend  to  vote  or  if  it  is  a  matter  of  "  Yes  "  or  "  No  "  he  shall 
strike  out  the  word  he  does  not  agree  with. 

82.  The  ballot  papers  shall  be  opened  and  examuied  by  two  scrutineers, 
appointed  by  the  presiding  officer,  who  shall  announce  the  results  to  him, 
who  in  turn  shall  report  the  results  to  the  Council. 

83.  The  ballot  papers  shall  be  destroyed  after  the  results  have  been  certified 
to  by  the  scrutineers. 

MEETINGS. 

84.  Tliere  shall  be  at  least  two  (2)  meetings  of  the  Institute  in  the  course 
of  the  year,  viz.  :  — 

(a)  An   Annual  Meeting,  and 
(6)  one  or  more  Ordinary  Meetings. 
At  least  80  days  notice  of  Annual    and  Ordinary   Meetings  shall  U'  sent 
to  members  by  the  Secretary. 

85.  The  .Annual  Meeting  shall  be  held  in  Marcii  in  each  year  at  thf  Head- 
quarters of  the  Institute  on  such  a  day  a.s  shall  be  fixed  by  the  Council. 

86.  llic  Annual  Meeting  shall  be  for  the  purpose  of  receiving  and  con- 
sidering the  rej>ort  of  Couiuil  and  certified  stattMiirnt  of  accounts  to  the 
end  of  the  preceding  calendar  year:  for  recording  the  rrsults  of  l)allot8  on 
questions  for  which  votes  of  Corporate  .Menilx«rs  have  \n'vn  reeeive<l  by  |>ost, 
and  for  any  other  business  dealing  with  the  affairs  of  the  Institute. 
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87.  Ordiiiarv  Meetings  of  the  Institute  shall  be  held  at  such  places  and 
on  such  dates  as  may  be  determined  by  the  Council.  The  quorum  for  an 
annual  or  ordinary  meeting  shall  be  eight  members  present  in  person. 

SS.  At  least  one  Orduiary  Meeting  shall  be  so  arranged  as  to  include 
visits  of  inspection  to  places  of  mining  or  allied  interest  as  may  be  deter- 
mined by  the  previous  similar  meeting  or,  in  default,  by  the  Council.  The 
objects  of  the  Meeting  shall  mclude — 

((/)  A  Full  Meeting  of  Counci  which  shall  review  the  activities  of 
the  Institute  and  shall  deal  with  business  submitted  by  the 
Branches  and  Divisions  or  by  petition  signed  by  ten  (10)  Corporate 
Members.  Councilloi-s  shall  as  far  as  practicable  be  notitied  of 
such  business.  The  Council  shall  also  deal  with  such  other 
business  as  it  may  see  fit. 

(b)  The  activities  of  the  Institute  and  important  matters  of  policy 

shall  be  presented  to  members  and  be  open  for  discussion   by 
members. 

(c)  To  visit  mines  and  works  of  interest. 
{d)  To  read  and  discuss  papers. 

89.  The  Council  may,  at  anj^  time,  call  an  Extraordinary  General  Meeting 
of  Corporate  Members  at  whatever  place  it  may  think  fit,  for  a  specific 
purpose  relative  to  the  direction  and  management  of  the  concerns  of  the 
Institute  or  for  any  other  purpose  which  it  thinks  necessary.  The  Council 
shall  at  all  times  be  bound  to  do  so  on  a  requisition  submitted  by  a  Branch 
or  by  petition  signed  by  not  less  than  ten  (10)  Corporate  Members.  The 
notice  calling  an  Extraordinary  General  Meeting  shall  distinctly  specify  the 
business  to  be  brought  before  it  and  no  other  business  than  that  specified 
shall  be  discussed.  At  least  14  days  notice  of  such  Extraordinary 
General  .Meeting  shall   be  sent  to  members   by  the   Secretary. 

90.  The  President  shall  take  the  chair  at  all  meetings  of  the  Institute 
at  which  he  Is  present.  In  the  absence  of  the  President  the  senior  Vice- 
President  shall  preside  ;  but,  in  the  case  of  the  absence  of  the  President  and 
both  Vice-Presidents,  the  meeting  may  elect  any  Member  of  Council  or  in  the 
case  of  their  ab.sence  any  Member  or  Associate  Member  present  to  take  the 
chair  at  the  meeting. 

01.  The  Executive  Committee  shall  meet  as  often  as  the  business  of  the 
Institute  may  require.  In  the  absence  of  a  quorum  the  meeting  shall  be 
adjourned  for  a  period  of  one  week,  notice  of  such  adjourned  meeting  being 
issued  to  members  of  the  Executive  and  the  business  for  which  such 
meeting  was  adjourned  may  be  dealt  with  by  the  members  present  at  the 
adjourned  meeting. 

92.  Each  Corporate  Member  shall  be  entitled  to  introduce  two  visitors 
to  any  Ordinary  Meeting  of  the  Institute. 

9.3.  It  shall  be  in  the  power  of  the  Council  to  issue  invitations  to  the  Press 
and  to  gentlemen  interested  in  any  subj(5ct  intended,  or  likely  to  be  brought 
forward  for  consideration  or  discussion. 

94.  Visitors  shall  not  take  part  in  the  proceedings  without  the  consent 
of  the  Meeting. 
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PAPERS    AND    PUBLICATIONS. 

95.  Tlie  official  record  of  technical  papers  and  discussions  shall  l)e  known 
as  "  The  Proceedings  of  the  Australa^sian  Institute  of  Mining  and  Metallurgy  " 
and  shall  be  published  by  direction  of  the  Council.  There  shall  be  included 
therein  the  Annual  Report  of  the  Council,  the  Statement  of  Accounts, 
Reports  of  Branches  and  Divisions,  Reports  of  Technical  Committees  and 
business  records  of  the  Institute. 

96.  Every  Member,  Associate  Member,  Junior  and  Student  whose  sub- 
scription is  not  more  than  six  (6)  months  in  arrears  shall  be  entitled  to 
receive  a  copy  of  all  the  publications  of  the  Institute. 

97.  No  duplicate  copies  of  the  Proceedings  nor  an}-  portion  of  them  shall 
be  issued  to  any  of  the  members  or  others  unless  by  permission  of  the 
Council. 

98.  The  Council  shall  have  power  to  decide  on  the  propriety  of  com- 
municating to  the  Institute  any  papers  which  may  be  received,  and  it  shall 
be  at  liberty,  when  thought  desirable,  to  direct  that  any  paper  read  before 
the  Institute  or  any  abstract  therefrom  shall  be  printed  in  the  Proceedings, 
and  immediate  notice  shall  be  given  to  the  author  whether  the  paper  is  to 
Ik?  printed  or  not.  If  a  paper  is  not  accepted  for  publication  by  the  Institute 
the  author  shall  have  the  right  to  publish   it  elsewhere. 

99.  The  Institute  is  not,  as  a  body,  responsible  for  the  statements  of  fact 
or  opinion  advanced  in  papers  or  discussions  at  its  meetings  or  in  its 
Proceedings. 

100.  Arrangements  regarding  publications  shall  be  in  the  hands  of  a 
PubUcation   Committee   to  be  appointed   by   the  Council. 

101.  Tlu'  copyright  of  all  papers  communicated  to  and  accepted  by  the 
Institute  shall  be  vested  in  it,  unless  otherwise  agreed  upon  between  the 
Council  and  the  author,  and  such  papers  shall  not  be  published  for  sale  or 
otherwise   without  the  written   permission  of  the  Council. 

102.  Tlu'  authors  of  papers  who  are  ea,sy  of  access  shall  have  an  opjjor- 
tunity  of  jxTsonally  revising  tlieir  own  communications  before  they  are 
Hnally  printed.  All  prt)ofs  must  l)o  returned  within  twenty-one  ('2\)  days 
of  the  date  of  postage  by  the  Secretary,  otherwise  it  will  be  considered  that 
the  author  has  no  corrections  to  make. 

103.  The  author  of  each  pajK'r  read  before  the  Institute  shall  be  entitled 
to  25  copies,  if  printed,  for  his  own  u.se,  free  of  cost  and  shall  have  the 
right  to  order  any  number  of  copies  at  the  cost  of  paper  and  printing, 
provided  the  said  copies  are  not  intended  for  sale. 

104.  The  Council  may  sell  single  copies  of  pa|)ers  or  Proceedings  published 
by  the  Institut<'  to  nunilK'rs  at  prices  not  less  tiian  tlie  actual  cost  of  pa{)er 
and  printing  with  at  least  fifty  (50)  per  cent,  added. 

105.  The  Council  may  dispose  of  single  copii-s  of  pa|K'rs  or  Pr(K'«MHling« 
to  non-memlx^rs  of  the  Institute,  not  residing  within  .Australasia,  but  the 
charge  shall  not  be  less  than  the  cost  of  paper  and  printing  with  a  hundrc<l 
(1(J0)    per   cent,    added. 

lOij.  The  Council  may  dis|x>se  of  Proceedings  to  apprt)ved  persons  who 
wish  to  subscribe  n*gularly  on  payment  of  two  guineas  i)er  annum. 
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ADDITIONS  OR  AMENDMENTS  TO  ARTICLES  OF  ASSOCIATION. 

107.  Written  notice  of  any  proposed  addition  or  amendment  to  the 
.\rticles  of  Association  shall  be  sent  to  the  Council. 

108.  The  proposed  additions  or  amendments  shall  be  printed  within  ten 
days  of  their  consideration  by  the  Council,  and  copies  forwarded  to  all 
corporate  membei-s  within  the  Commonwealth  of  Australia  and  Dominion 
of  New  Zealand  (who  are  not  in  arrears)  at  least  forty  (40)  days  before  the 
day  appointed  for  the  holding  of  the  first  extraordinary  meeting  to  consider 
the  resolution  for  the  amendment  of  the  Articles. 

109.  The  Secretary  shall  forward  to  each  corporate  member  (who  is  not  in 
arrears),  with  the  notice  convening  the  meetings  to  consider  the  special 
resolution  for  amendment  of  the  Articles,  a  form  of  proxy  for  such  corporate 
member  to  sign,  and  a  voting  paper  whereon  the  corporate  member  may 
indicate  in  what  manner  he  desires  to  vote  at  the  said  meetings. 

110.  The  Secretary  shall  puljlish  and  distribute  to  members  not  later 
than  tlie  next  distribution  of  printed  matter,  after  the  date  of  the  con- 
firmatory meeting,  an  announcement  of  the  result  of  the  meetings,  together 
with  a  text  of  the  amendments  made  to  the  Articles. 

SEAL. 

111.  The  Council  shall  provide  for  the  safe  custody  of  the  common  seal, 
and  the  common  seal  shall  never  be  used  except  by  the  authority  of  the 
Council  previously  given  and  in  the  presence  of  one  member  of  Council  at 
least,  who  shall  sign  every  instrument  or  document  to  which  the  common 
seal  is  affixed,  and  every  such  instrument  and  other  document  shall  be 
countersigned   by  the  Secretary    or    some  other  person  appointed  by  the 

Council. 

CHEQUES,  BILLS,  &c. 

112.  All  cheques,  bills  of  exchange,  and  promissory  notes  shall  be  signed, 
drawn,  accepted,  made,  or  endorsed,  as  the  case  may  be,  for  and  on  behalf 
of  the  Institute  by  one  member  of  Council  at  least,  and  countersigned  by 
the  Secretary  or  some  other  officer  authorized  by  the  Council,  or  shall  be 
signed,  drawn,  accepted,  made,  or  endorsed,  as  the  case  may  be,  on  behalf 
of  the  Institute  in  such  other  manner  as  the  Council  may  from  time  to  time 

determine. 

NOTICES. 

113.  A  notice  may  be  served  by  the  Institute  upon  any  member  either 
personally  or  by  sending  it  through  the  post  in  a  prepaid  letter  addressed 
to  such  member  at  his  registered  or  last  known  address.  Any  notice  sent 
by  pfjst  shall  be  deemed  to  have  Ixien  served  at  the  time  when  the  letter 
containing  the  name  would  have  been  delivered  in  the  ordinary  course  of 
the  post,  and  in  proving  such  service  it  shall  be  sufficient  that  the  notice 
was  properly  addressed  and  put  in  the  post  office.  Where  it  is  proposed 
to  pass  a  special  resolution  or  S|Micial  resolutions,  tlu^  meetings  may  be 
convened  by  one  and  the  same  notice,  and  it  shall  b(;  no  objection  that  such 
noti<v  only  convenes  the  second  meeting  contingently  on  the  resolution 
or  resolutions  being  passed  by  the  requisite  maj'  >  '  •  at  the  first  meeting. 
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A  PROPOSED   COPPER  :\IETALLURGICAL  PROCESS. 
By  p.  Burbidge,  a.s.t.c,  Associate  Member. 

FOREWORD. 

The  writer  had  the  pleasure  of  several  months'  laboratory  tests 
on  a  metallurgical  process  for  copper  ores  devised  by  Mr.  AV.  H. 
Corbould,  Consulting  Engineer,  North  Queensland. 

Mr.  Corbould's  research  work  in  this  direction  commenced  some 
six  vears  ago,  and  he  eventually  succeeded  in  obtaining  a  good 
extraction  of  copper  and  a  resulting  solution  practically  free  from 
iron  and  other  impurities. 

The  commercial  operation  of  the  process  was  investigated  and 
special  machines  with  novel  features  were  designed. 

Outline  of  thk   Process. 
The  process  described  in  detail  in  the  following  pages,  requires 
for    successful    application    that   the  ores    contain   at    least    the 
minimum     ratio    of     sulphur     to    copper,    consistent    with    the 
production  of  sulphatising  roasting  conditions. 

[Thix   paper  in   teparatcly  bound,   aad    may  be,    it   ao    desired,    dctacheil  complete  from 
thii  number.]  * 
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The  essentials  of  the  process  are  as  follows  : — 

1.  Fine  grinding  followed  by  a  sulpha tising  roast. 

2.  Agitation  with  acid  solution  produced  within  the  process 
by  electrolysis. 

3.  Purification  of  a  portion  of  the  ''mother  liquor"  and 
electrolytic  deposition  of  the  contained  copper,  thereby 
producing  sufficient  free  sulphuric  acid  in  solution  for  the 
next  charge  of  calcine  and  further  requirements  as  stated 
on  pages   9  and  10. 

4.  Partial  purification  of  the  remaining  "mother  liquor" 
together  with  the  first  wash  solutions  and  precipitation  of 
the  copper  content  as  hydrate  by  milk  of  lime. 

5.  Dissolution  of  the  copper  in  the  hydrate  precipitate  by 
means  of  a  solution  of  ammonia,  followed  by  distillation 
of  the  ammonia  liquor  producing  pure  copper  oxide  and 
recovering  the  aqua  ammonia  by  condensation.  ^ 

6.  Reduction  of  copper  oxide  to  metallic  copper. 

7.  Treatment  of  the  residue  from  5  for  the  production  of  a 
by-product  and  the  recovery  of  any  remaining  copper. 

8.  Treatment  of  the  washed  slime  residues  from  the  ore 
charge  for  gold  and  silver  by  the  cyanide  process. 

9.  Use  of  producer  water  gas  for  the  whole  of  the 
metallurgical  operation  as  heating  gas  and  to  provide 
sulphate  of  ammonia. 

The  process  is  thus  characterized  by  the  production  of 
electrolytic  and  best  selected  copper  only,  and  where  not 
absolutely  self-contained,  the  cost  of  outside  reagents  is  nullified, 
by  the  produftion  of  marketable  by-products  for  use  as  fertilisers. 

Preparation  of  Ores. 

AMiere  ores  of  various  chemical  compositions  are  treated  at  one 
works,  charges,  based  on  chemical  analysis  for  Cu,  Fe,  S,  SiO^ 
and  acid-consuming  minerals,  are  drawn  from  the  different  bins 
to  the  rock  breaker,  th<ince  by  conveyer  to  the  revolving  dryer, 
tramp  iron  being  extracted  en  route  by  suspended  electro-magnets. 
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The  dried  ore — through  a  four-inch  ring — is  crushed  to  one- 
inch  size  by  a  sheer  crusher  and  finally,  by  a  similar  tvpe  of 
machine,  is  ground  to  30  mesh,  and  is  exhausted  from  the  latter 
machine  by  a  vacuum  system  to  the  roasting  furnace  bin. 

The  shear  crusher  and  grinder,  designed  expressly  for  these 
conditions,    namely  fine  dry   grinding,  is  shown   in  Fig.   1. 

With  this  machine  the  object  is  to  obtain  a  true  shearing  action 
by  means  of  two  vertical  discs  revolving  in  opposite  directions 
at  different  speeds,  and  also  a  choke  effect  making  for  large 
capacity  with  small  wear  on  the  disc  liners. 

Referring  to  Fig.  1,  the  self -feeding  arrangement,  air-cooling 
system  and  other  details  are  clearly  shown. 

The  adjustment  for  degree  of  fineness  of  product  is  readily 
made  by  means  of  a  hand  wheel  operating  the  sliding  thrust 
block  shown  in  Fig.  1  (6). 

Separate  motors  drive  the  two  independent  sections,  the 
low-speed  self-feeding  section  having  a  varial)le -speed  motor 
to  adjust  the  rate  of  feed  which  is  dependent  on  the 
speed  of  the  feed  scoop.  The  pinion  driving  the  low-speed 
section  has  a  wider  face  than  its  corresponding  spur 
wheel  to  give  the  lateral  movement  necessitated  by  the  hand 
whool  adjustments. 

The  speeds  of  the  feed  and  high-speed  sections  are  respectively 
2(H)  and  20()0  ft.  peripheral  per  minute. 

The  machine  is  accessible,  discs  and  liners  being  designed  to 
be  taken  down  and  replaced  with  a  minimum  loss  of  time. 

Means  are  providing  for  immediately  holding  fast  the 
low-speed  shaft  in  the  case  of  failure  of  the  driving  belt. 
When  grinding  fine  the  two  revolving  discs  have  the  advan- 
tage over  machines  with  one  fixed  disc,  that  a  screening 
action  takes  place  giving  greater  capacity.  Matt^rial  suffici- 
ently ground  is  rapidly  discharged  into  the  dust  hood  by 
centrifugal  force. 

The  relatively  small  amount  of  wear  on  the  liners  means  of 
course  less  cost  of  steel  per  ton  of  ore. 
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FlC.  1.  — REPERENCEa. 

1.  Prospective  view  of  shear  crusher. 

2.  L/iT  --'■'■'  nl  elevation,  partly  in  section. 

3.  Tr  i«.-w  on  line  BB  of  Fijf.  2. 

4.  S» '  in  throujch  the  jcrindinK  mechaniBm,  ahowinsr  details  of  air  service  entry 

5.  Tran»veri*e  view  on  line  A  A  of  Fijf.  2.  showinR  shearinR  ribs  on  trrindingr  liner. 

6.  Adjustable  water-cooled  thrust-block.  7.     Feed  scoop.  8.     Ore  bin. 
9,  Feed  chute.                                                            10.    Hollow  thrust  shaft. 

11.  Manffanese  steel  irrindinK  liners. 
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12.  Connections  conveyini?  air  for  cooline:  manganese  steel  liners. 

13.  Air  vents  at  back  of  liners  for  cooling  same. 

14.  Hollow  shafts  to  convey  cooling  air. 

15.  Vacuum  pipe  to  furnace  bin. 

16.  Lubricating  pump  for  oiling  hollow  thrust  shaft. 

17.  Solenoid  operated  safety  brake 

18.  Screws  to  take  up  wear  of  liners  and  provide  necessary  degree  of  crushing  fineness. 


Roasting. 

Amongst  all  the  furnaces  at  present  in  use  for  sulphatising 
roasting,  Mr.  Corbould  was  unable  to  find  one  to  fulfil  all  the 
requirements,  mufifle  furnaces  of  the  AVedge  type  being  perhaps 
the  nearest  approach. 

The  essential  requirements,  temperature  control  and  large 
capacity,  demand  a  radical  departure  from  existing  types,  and 
to  obtain  them  the  furnace  shown  in  detail  in  Fig.  2  was 
evolved. 

In  the  operation  of  this  furnace,  the  ore  charge  is  subjected 
to  heat  by  radiation  and  conduction  through  the  internal  tube 
system,  and  at  the  same  time  to  alternate  pressure  and  exhaust 
through  the  filter  boxes. 

Referring  to  Fig.  2 — the  Corliss  type  gear  is  so  arranged 
that  a  rapid  change  from  pressure  to  exhaust  or  change  of  ratio 
of  duration  of  pressure  and  exhaust  can  be  effected  by  means 
of  the  adjustable  duplicate  cams. 

This  arrangement  has  great  advantages  in  heating  up  the  charge 
to  the  reaction  temperature  (about  560°  C.)  without  the  danger 
of  over-roasting,  and  allows  the  charge  to  be  maintained  at  the 
correct  temperature  during  the  time  necessary  to  complete  the 
calalvtic  action. 

During  the  first  stage  of  the  roasting,  the  valves  may  be  set 
to  produce  a  gas  rich  in  sulphur  dioxide  which,  in  the  process 
descril>ed,  will  be  compressed  and  stored  for  use  in  a  later 
stage. 

Wh<'!i  sufficient  gas  has  been  thus  obtained,  the  cams  may  be 
quickly  adjusted  whilst  the  furnace  is  in  motion  to  introduce 
more   air. 
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FlC.  2.-RErEKKNCKS. 

1.     Furnace. 

4.     Fitter  boxes. 

7.    StuffinK  box. 


2.    CharinK  jrates. 
5.     Wcirm  drive. 
8.     ?:xhanHt  valve. 


•.i.     HoafltinL'  cfiumbor. 
6.     Pyromt't-er. 
9.     Kxhau-v  f  u». 
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10.     Pressure  valve.  11.     Blower.  12.     .\ir  receiver. 

13.     Variable  cam  srear.  14.     Flue. 

15.  Non-return  valves  for  air  pressure  to  advance  to  fitters  and  check  e.\haust  beiiuc 

drawn. 

16.  Tunnel  and  drag  conveyer.  17.     Charge  bin.  18.     Bye-pass  for  SO    tra<?. 

19.  Section  of  re-inforced  moulded  radiating  tubes— moulded    in   short   hi  --ii 

on  12  steel  rods— full  length  of  roasting  furnace.     As  each  section  ;n 

position  slag-sand  concrete  under  pressure  forced  in  holes  to  fill  span-  ■»•  . ..  c-cn 
steel  rods  and  walls  of  holes.     Inside  tube  lined  chrome  brick. 

20.  Supporting  struts  for  radiating  tubes.  21.    Safety  valves. 

22.  Guide  ring  rendering  safety  valves  inoperative  in  down  position. 

23.  Section  of  porous  fitters.  24.     Fuel  gas  cleaning  plugs.  25.     Gas  burner. 
26.     Ports  for  conveying  waste  gas  from  radiating  tubes  to  stack. 

The  furnace  is  heated  })y  gas  as  shown,  and  the  products  of 
combustion  pass  forward  and  back  along  the  internal  tubes, 
thence  by  further  pipes  along  the  wall  of  the  furnace  (not  shown 
in  plan)  finally  to  the  stack. 

This  arrangement  allows  of  a  high  temperature  at  the  point  of 
combustion  without  overheating  the  ore  l)ed. 

The  air  delivered  to  the  ore  charge  is  pre-heated  by  parsing 
through  the  stack,  thus  further  utilising  the  waste  heat  of  the 
combustion  gases. 

In  operation,  the  furnace  is  charged  about  half  full  and  revolved 
at  a  speed  of  a  quarter  to  half  a  revolution  per  minute. 

The  completion  of  the  roast  is  ascertained  by  withdrawing 
samples  of  the  charge  from  conveniently  arranged  plugs,  and 
making  a  simple  test  of  the  amount  of  water-soluble  copper. 

The  finished  charge  is  released  by  turning  down  the  furnace 
over  the  tunnel  provided  with  a  flight  conveyer  and  opening  the 
discharge  fjates. 

Dissolution  of   Copper. 

The  liot  calcine  passes  to  the  cone  mixer  to  which  is 
simultaneously  added  sufficient  sulphuric  acid  solution  to  form  a 
1  to  1  pulp  for  the  dissolving  tanks.  For  an  ore  containing  7)^/^ 
copper,  tlie  stock  solution  made  up  from  by-passed  electroh-te 
will  contain  about  3.5%  free  H.SO^  {^^^%)  J^nd  about  P^^ 
Cu. 

Fig.  '3  shows  the  dissolving  tank,  the  action  of  which  is 
fully  explained   in  the  reference. 

Air,  preheated  by  waste  heat  from  furnaces  or  gas  coolers^  is 
us«  d  in  the  air  lifts.  Copper  sulphate  and  oxide  l>oing  much 
mon*    .soluble  in    hot   solutions  than    in  cold,    the   utilization   of 
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Fig.  3.— References. 

Tank  is  charged  throujirh  launder  ID  arranired  to  distribute  pulp  evenly  round  tank. 
Light  slimy  liquors  or  wash  waters  flow  under  arches  (2>  through  sand  into  annular  coni- 
partment    (3'   and   over  adjustable  sills  (4)  into  circulating  box  compartm«nt  t5  .   an<l  ar. 
forced  up  by  air  lift  (6    through  acid-proof  stuffing  lx»x  (7)  and   four-way  piece  (m>.  thtiu  . 
along  pijies   (9)   to  vertical   pipes   (10)   in   wooden    vertical  agitating   arms    (11),   ami    fi    m. 
thence  repeat  cycle.      Agitating  arms   (11*  are  held  in  cast-steel  sockets  (12)  fasten* 
revolving  girder  frame,  supported  in  centre  on  ball-bearing   '13)  mounted  on  central  i 
'^14'.     Outer  periphery  of  revolving  frame  supported  on  wheels  '15)  running  on  circular  •  i 
round  top  of  tank.     Two  wheels  are  geared  to  electric  motors  il6).      After  driving  mn;.  r- 
have  been  stopped,  mother  liquor  or  various  slimy  wash   solutions  flow  to  box  com^artnu-nt 
(5j  for  slimes  from  annular  compartments  (3)  to  be  sent  back  to  dissolving  tank.     Air  is  then 
shut  off  and  liquor  in  tank  allowed  to  settle,  which  settled  liquor  is  now  drawn  off  over  two 
centra!  adjustable  sills  (17 1  into  annular  compartments  (3)  to  flow  into  box  compartments  (5) 
thence   through   cock    il8)  to  fitter  to  clarify  liquor.      In   discharging   air   lifts   (19i   are   in 
duplicate.     Pulp  from  air  lifts  goes  to  cone  settler  to  denude  same  of  coarse  sand.     Overflow 
from  settler  to  Dorr  thickener  (full  of  water).     Overflow  from  thickener  gravitates  back   to 
dissolving  tank  to  provide  water  to  complete  emptying  of  tank.    The  last  of  water  in  tank  is 
discharged  through  sluice  valve  (20). 

1.     Half-section  on  line  BB  Fig.  2.  2.     Plan  view. 

3.  Section  of  circulating  box  compartment  AA  Fig.  2. 

4.  .Section  of  discharge  box  compartment  AA  Fig.  2. 

Note.  — Arches  (2>  in  inner  wall  stop  as  indicated  by  dotted  line  C.  Air  lifts  (19)  by 
mechanical  means  are  raised  or  lowered.  Current  to  driving  motors  transmitted  from  slip 
rings  on  centre  of  revolving  frame. 

heat  ill  this  way  causes  a  great  reduction  in  the  time  of  contact 
necessary.  All  wash  solutions  go  to  separate  tanks,  the  second 
wash  solution  becoming  the  first  wash  for  the  following  charge 
and  so  on,  with  the  exception  of  the  solution  required  for  the 
producer  gas  plant.  Clean  w^ater  is  used  for  the  final  wash  and, 
owinc  to  the  use  of  milk  of  lime  precipitating  the  Ou  from 
solution,  a  most  efficient  washing  of  the  residues  may  be  con- 
ducted, wliich  in  other  methods  would  be  impossible  on  account 
of  the  accumulation  of  a  large  tonnage  of  solution  too  low  in 
copper  to  be  utilized  profitably. 

Treatment  of   ''Mother  Liquor"  for  Electrolyte. 
The    quantity   of    mother  liquor  taken  for  separate  treatment 
is  calculated    so   that  the  amount   of  Cu  contained  will  provide 
by    electrolysis   only    sufficient    free     H0SO4    for    the    following 
purposes  :  — 

(a).  To  dissolve  the  acid-soluble  Cu  in  the  ore  charge. 
{h).  To  react  with  all  the  acid-consuming  minerals  such  as 
the  carbonaU^-s  of  lime  and  magnesia  which  ronuiin 
unaltered  after  a  sulphatLsing  roast. 
{r).  To  acidulate  the  following  mother  liquor  after 
neutralizing  the  purifying,  before  sending  it  t<»  the 
electrolvtic  tanks. 
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{d).  To  dissolve  the  small  percentage  of  Cu  and  Fe  remain- 
ing in  the  CaSO^  residue  from  the  ammonia  treatment. 

The  liquor,  as  calculated  for  the  above  requirements,  is  run  to 
a  special  cone-bottomed  vat  and  subjected  to  thorough  oxidation 
by  compressed  air.  Very  hnely  divided  (slimed)  carbonate  of 
lime  m  gradually  added,  only  sufficient  in  total  quantity  to 
neutralize  the  free  H^S04  and  precipitate  the  greater  proportion 
of  the  Fe  or  other  impurities. 

The  precipitate  is  filtered  off  and  washed  in  an  acid  filter 
press,  the  filtrate  being  returned  to  the  same  vat  and  the  wash- 
ings sent  to  the  main  wash  solution  storage  vats.  The  residue 
is  treated  later  and  marketed  as  a  fertiliser. 

Agitation  is  recommenced  in  the  same  vat,  the  temperature 
maintained  at  C,  and  according  to  the  Fe  remaining  in 
solution,  a  calculated  amount  of  pure  CuO  from  the  ammonia 
process  (see  pages  2  and  11)  is  added  precipitating  the  Fe  after 
the  well-known  reaction  of  Hofman. 

The  residue  is  filtered  off  and  washed  as  before,  but  in  this 
case  it  is  returned  to  the  furnace  bins  for  roasting  with  the  next 
ore  charge,  the  Fe  of  the  residue  remaining  insoluble  and  the 
Cu  being  recovered  in  the  dissolving  tank. 

Th3  purified  solution  of  Cu  SO 4  is  now  acidulated  by  means 
of  by-passed  electrolyte  to  the  extent  of  1%  free  H2SO4  and  is 
sent  to  the  electrolytic  tank  house. 

Electrolysis  is  conducted  with  a  current  of  12  amp.  per  sq.  ft. 
of  cathode  surface,  the  anodes  being  of  graphite  with  arrange- 
ments for  introducing  80  o  gas  under  pressure  into  the  electrolyte 
for  depolarization. 

In  the  presence  of  SO  2  the  electrolysis  of  Cu  SO4  solution 
results  in  tne  production  of  2.3  lb.  of  free  H2SO4  per  lb.  of  Cu 
deposited.  Using  this  factor  (2.3),  the  amount  of  free  acid  to  be 
produced  is  calculated  in  advance,  all  electrolyte  being  by-passed 
from  the  tank  house  with  a  Cu  content  of  2%. 

On  account  of  the  Fe  in  the  electrolyte  being  maintained 
below  .2%  (20  gm.  per  litre),  it  is  possible  to  use  graphite 
anodes  yielding  alxjut  3  lb.  of  Cu  per  kw.   hour  with  a  current 
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density   of    12   amp.  per  sq.  ft.     Current  efficiency   is  thus  kept 
high,  a  most  important  consideration  where  power  is  expensive. 

Treatment   of   First  Wash   Solutions. 

The  first  wash  solutions,  together  with  the  remaining  portion 
of  the  motlier  liquor,  go  to  a  similar  cone  vat  where  they  are 
given  the  same  treatment  witli  air  and  carbonate  of  lime  for 
neutralization  and  partial  precipitation  of  the   Fe  or  impurities. 

After  the  residue  is  filtered  out  and  washed  as  before,  the  warm 
solution  is  agitated  with  gradual  additions  of  milk  of  lime  to 
produce  as  near  as  possible  a  "selective"  action — that  is,  to 
precipitate  most  of  the  remaining  Fe  with  very  little  Cu. 

The  precipitate  from  this  treatment  is  filtered  off,  the  filtrate 
returned  to  the  vat  and  the  residue  sent  to  the  furnace  bins 
with  the  next  ore  charge. 

Further  milk  of  lime  is  added  until  all  the  Cu  is  precipitated 
as  hydrate,  which  readily  settles  and  filters  in  a  warm  solution. 

On  filtering,  the  clear  solution  is  utilized  to  make  up  the  stock 
solution  for  the  following  roasted  ore  charge  by  diluting  the 
calculated  quantity  of  acid  electrolyte  by-passed  from  the  tank 
hou^e. 

Ammonia    Treatment. 

The  filtered  residue,  a  concentrate  of  all  the  Cu  of  the  above 
solutions  in  the  form  of  hydrate  together  with  CaS04  and  a  little 
Fe  is  immediately  transferred  to  a  sealed  agitation  vat  and 
agitated  with  a  solution  of  ammonia.  The  ammonia  solution,  of 
a  strength  slightly  in  excess  of  two  parts  of  NH3  (lOO^o)  to  one 
part  of  Cu  by  weight,  rapidly  dissolves  the  Cu  hydrate,  and  on 
completion  of  the  dissolution,  the  pulp  is  forced  through  a  tilter 
press,  the  filtrate  passing  to  a  steam  jacketed  still.  The  first 
washings  of  weaker  ammonia  solution  are  also  passed  to  the 
still,  and  subsequent  ores  are  stored  for  use  on  the  next  charge. 

.Ml  these  operations  are  conducted  in  an  ammonia-tight  system, 
the  storage  vats  for  the  weaker  washings  being  arranged  so  a& 
to  be  hermetically  sealed. 
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The  treatment  in  the  still  consists  simply  in  forcing  steam  into 
the  copper-ammonia  solution  and  condensing  the  aqua  ammonia 
driven  off,  the  still  being  heated  by  steam  in  tlie  jacket.  The 
distillate  is  stored  in  steel  tanks  for  the  following  charge.  When 
complete  elimination  of  the  ammonia  is  effected,  the  steam  is 
shut  off,  the  precipitate  allowed  to  settle  and  the  clear  solution 
decanted  through  a  filter  to  the  coolers  at  the  producer  gas 
plant,  where  the  CaSO^  in  solution  is  concentrated,  On  the 
solution  becoming  saturated  the  CaSO^  drops  out,  is  recovered 
and  converted  to  pure  plaster  of  Paris.  Any  ammonium  sul- 
phate in  solution  is  similarly  recovered. 

Reduction  of  Copper  Oxide. 

The  settled  precipitate  of  CuO  is  washed  by  decantation  and 
the  amount  required  for  the  purification  of  the  mother  liquor  for 
electrolyte  is  withdrawn  to  storage.  The  remainder  of  the  CuO 
is  conveyed  to  a  small  revolving  furnace  similar  to  the  roasting 
furnace,  where  it  is  heated  in  an  atmosphere  of  water  gas.  The 
reduced  material  is  conveyed  to  a  melting  furnace  where  the 
metal  is  fused,  poled  and  cast  into  ingots  as  best  selected  copper. 
This  method  of  reduction  obviates  the  production  of  a  quantity 
of  high  grade  Cu  slag. 

Treatment  of  CaSO^  Residue. 

The  washed  lesidue  from  the  anmionia  treatment  is  discharged 
to  a  mixer  and  sufficient  by-passed  electrolyte  is  added  to 
dissolve  the  contained  Fe  and  Cu  hydrates  and  convert  the  littl- 
ammonia  still  remaining  into  sulphate.  The  pulp  is  filtered  ana 
the  residue  of  CaS04  is  washed  and  treated  with  previous  Ca»S()4 
residues  for  fertiliser.  The  filtrate  and  washes  are  treated 
"selectivelv"  with  milk  of  lime  to  eliminate  Fe,  the  precipitate 
resulting  is  returned  to  the  fuinace  with  the  next  ore  charge, 
and  a  portion  of  the  solution  is  now  passed  through  the 
ammonia  absorbers  of  the  producer  gas  plant.  The  NH.,  of  th*- 
water  gas   combines    with  the   r'uS04   J"  -solution  producing  tlic 
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charact-eri^tic  azure -blue  colour.  On  transferring  this  blue 
solution  ])ack  to  the  remaining  portion  of  treated  solution,  the 
Cu  in  both  portions  is  immediately  thrown  down  as  hydrate, 
which  is  filtered  off,  dried  and  conveyed  to  the  reducing  furnace 
to  be  converted  to  metal  by  water  gas. 

The  filtrate  is  now  concentrated  to  recover  ammonium  sul- 
phate, a  portion  of  which  product  is  heated  with  hme  to  obtain 
ammonia.  Purified  weak  wash  solutions  from  the  dissolving  tank 
are  given  a  similar  treatment  to  the  above  when  required  to 
absorb  the  balance  of  NH3  produced  from  the  coal.  Any  excess 
of  ammonium  sulphate  above  that  required  to  make  up  the 
waste  of  ammonia  in  the  process  is  disposed  of  as  fertiliser  with 
the  C'aSC)^. 

Treatment  of  Tailing. 

In  most  cases  the  precious  metals  in  the  ore  are  combined 
with  the  Cu  minerals,  and  after  the  extraction  of  the  Cu  a 
separation  of  the  slime  concentrates  the  gold  and  silver  values 
in  the  slime.  On  agitating  this  slime  with  cyanide  the  precious 
metals  are  extracted  together  with  some  Cu,  of  which  there 
remains  about  .3^/,  in  the  tailing. 

Conclusion. 

To  start  up  operations  a  special  charge  is  roasted  and  the 
water  soluble  Cu  extracted.  After  purifying  the  liquor  obtained* 
a  small  quantity  of  purchased  acid  is  required  for  the  necessary 
acidulation  and  the  subsequent  electrolysis  will  provide  free  acid 
for  the  future  operation  of  the  plant. 

The  ammonia  required  will  have  to  be  procured  until  the 
producer  gas  plant  is  in  operation,  after  which,  the  losses  to  be 
made  up  will  be  no  more  than  in  good  freezing  plant  practice. 

Water  consumption  will  be  the  amount  of  moisture  discharged 
with  the  residues,  the  amount  evaporated,  and  the  waste  steam 
of  the  power  plant  not  condensed,  including  that  required  in 
the  producer  plant. 

Solutions  after  treatment  with  milk  of  lime  are  perfectly  free 
of  Cu. 
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The  CaSO^  formed  in  the  hot  sohitions  causes  no  trouble  in 
pipe  lines. 

Throughout  the  process  all  solids  filter  readily. 

Reagents  are  regenerated  or  converted  to  by-products. 

There  are  no  foul  solutions,  no  solutions  are  discarded,  and  no 
Cu  is  tied  up  in  unfinished  products. 

The  process  is  a  chemical  one,  and  each  step  may  be  calculated 
chemically.  If  excess  CaCOa  be  used  to  purify  solutions,  the 
excess  will  be  coated  with  an  oxide  of  Cu.  Coarse  CaC03  has 
little  or  no  action  in  purifying. 

Milk  of  lime  should  be  as  free  as  possible  of  CaCOg. 

Solutions  of  CuSO^  should  be  warm,  not  boiling,  when  under 
treatment.  Milk  of  lime  should  be  gradually  added,  otherwise 
precipitation  is  impeded  and  excess  of  lime  precipitate  is 
accumulated.  Copper  hydrate  precipitate  should  not  be  kept  too 
long  before  treatment.  Ammonia  solution  for  dissolving  should 
be  about  20%  NH3  and  only  the  final  wash  for  the  residue  from 
the  ammonia  treatment  should  be  clean  water.  Previous  washes 
should  all  be  weak  ammonia  solutions,  otherwise  Cu  is 
precipitated  out  of  solution. 

As  power  is  expensive  at  most  mines  it  is  much  cheaper  to 
produce  electrolytic  Cu  from  a  portion  only  of  the  liquors  as 
required  to  produce  the  necessary  H2SO4,  and  to  convert  the 
excess  Cu  in  solution  to  oxide,  thence  to  metal,  than  to 
electrolyse  the  whole  of  the  solutions  from  the  ore  charge. 
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THE  ARTIFICIAL  VENTILATION  OF  THE  BROKEN  HILL 
PROPRIETARY   MINE,    N.SAV. 

By  R.  T.  Slee. 

{Read  before  the   Broken  Hill  Branch,  Jub/   1920.) 

Unlike  coal  mines,  in  which  some  form  of  artificial  ventilation 
is  rendered  necessary  by  gases  given  off  by  the  material  mined 
and  is  also  enforced  by  the  mining  laws  of  all  countries, 
metalliferous  mines  have  almost  entirely  relied  on  natural 
ventilation,  viz.,  that  due  to  the  difference  in  temperature 
between  the  outside  atmosphere  and  the  mine  air.  In  small 
mines  natural  ventilation  has  proved  sufficient,  but  as  mining 
proceeds  at  a  greater  depth,  and  where  large  ore  bodies  are 
being  attacked  the  writer  is  of  opinion  that  some  means  of 
artificial  ventilation  will  be  rendered  necessary  if  only  from 
an  economic  standpoint. 

The  Broken  Hill  Proprietary  Mine  was  one  of  the  first  metal 
mines  to  introtluce  a  scheme  of  artificial  ventilation  on  a  large 
scale. 

In  order  to  render  the  working  conditions  of  the  semi-friable 
stopes  of  Block  12  and  the  lower  levels  of  Block  11  more 
comfortable  for  the  men  at  work  in  these  places,  in  1903  it 
was  decided  to  install  a  fan  to  thoroughly  ventilate  these 
stopes.  The  fan  chosen  was  a  Capell  double-inlet  fan  belt- 
driven  from  a  steam  engine  :  tliis  engine  was  later  on  replaced 
by  an  electric  motor.  The  fan  was  put  in  commission  at  the 
latter  end  of  1004  ;  its  principal  dimensions  are  as  follows  : — 
Lengtli  <)  ft.  0  in.,  diam.  7  ft.,  diam.  of  inlet  4  ft.  7  j  in.  The 
fan  is  reversible,  though  tliis  is  a  rather  misleading  term,  as 
the  direction   in    which  the    fan  blades    revolve   is  not   rever^**!. 

[ThiB  paper  is  separately   bound,  and   may   be,  if  so  d«iired,  detached  r. mpK  ii 
this  DumbtT.  j  B 
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but  the  entry  and  discharge  of  the  air-current.    The  sketches  (figs. 
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Fio.  I 
Vkntilatixo  Fan  for  Dickekron's  Shaft. 

1  and  2)  ehow  the  arrangements  of  the  various  doors,  etc.,  thus  con- 
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trolling  the  air-currents.  "Wlien  running  imder  normal  conditions 
the  fan  is  exhausting  Delprat's  and  Stewart's  shafts  and  several 
old  shafts  to  the  north  act  as  downcasts,  and  Dickenson's 
shaft,  at  which  the  fan  is  situated,  being  the  upcast.  The 
intake  air  passes  down  the  shafts  indicated,  along  the  lowest 
level  and  up  through  the  workings  to  the  500-ft.  level,  thence 
to  Dickenson's  shaft.  At  first  the  lowest  level  working  was 
made  the  intake,  but  mining  operations  rendering  necessary  a 
better  circulation  than  this  afforded,  the  lower  levels,  that  is 
all  levels  below  the  650  ft.,  were  made  intakes  and,  to  ensure 
this,  doors  were  erected  on  all  levels  above  the  800-ft.  level, 
which  thus  prevented  the  air  short-circuiting  to  Dickenson's 
shaft.  When  rmming  at  full  speed,  360  r.p.m.,  the  volume  of 
air  in  circulation  was  75,000  cub.  ft.  per  min. 

Owing  to  the  fire  in  1906  the  ventilation  was  much  interfered 
with  by  the  erection  of  stoppings  in  the  various  levels,  and 
also  owdng  to  the  fact  that  the  fan  was  run  at  a  reduced 
speed  in  order  to  decrease  the  draw  on  the  fire.  To  remove 
the  fumes  which  were  emitted  from  the  southern  side  of  the 
fire-area,  and  to  permit  of  the  starting  of  the  workings 
adjacent  thereto,  a  fan  was  erected  at  Weatherley's  shaft, 
situated  on  Block  11  and  near  to  the  Block  10  boundary. 
The  well  known  Waddle  type  of  fan  was  installed  here,  which 
being  an  open-running  fan  necessitated  rather  different 
arrangements  for  reversing  the  air-current.  This,  so  far  as 
the  writer  is  aware,  has  not  been  done  previously  with  a  fan 
of  this  type.  The  sketch  (fig.  3)  showing  the  arrangements  of  the 
surface  may  be  interesting.  On  referring  to  the  ventilation 
diagram  it  will  Ije  noticed  that  the  intake  with  both  fans 
working  remains  unaltered,  but  at  about  1000  ft.  from  Delprat's 
shaft  the  air-currents  split  when  ascending  the  workings,  a 
portion  making  its  way  to  Dickenson's  and  a  portion  to 
Weatherley's  shafts.  Aa  the  ventilation  is  ascensional  fullest 
advantage  is  taken  of  the  natural  law  of  hot  air  to  ascend 
afnd  colder  air  to  take  its  place.  The  air-current  also 
ventilates  lower  exploratory  workings  })y  means  of  winzes  as 
shown  at  the  blind  shaft,  Block  IJ. 
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When  measuring  the  quantity  of  air  in  circulation,  the  writer 
proceeds  as  follows : — The  No.  of  r.p.m.  of  fan  taken,  the 
ammeter  and  voltmeter  read,  and  tlie  driver  instructed  to 
maintain  a   constant  amperage.     The   wTiter  and   assistant   then 
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Fig.  3. 
Vkhtilatin(;  Fax  at  Weatheiu.ky's  Shaft. 

proceed  Ijelow  and  measure  the  quantity  of  air  passing  through 
each  crosscut  of  the  upcast  shafts.  Places  for  observation  are 
chosen  where  the  crosscut  is  of  fair  uniform  cross  section. 
The    area    of    cross    section    is    measured    and     spot     selected 
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marked  in  chalk  on  the  sides  and  back  of  crosscut — to 
illuminate  these  marks  the  writer  uses  a  portable  electric 
lamp.  The  anemometer  is  then  fixed  to  a  tamping  stick  and 
the  observer  and  assistant  station  themselves  on  the  upcast 
side  of  the  .Miark.  The  observer  holds  the  instrument  so  that 
the  vanes  are  square  to  the  current  being  measured  and 
moves  it  slowlv  over  the  whole  of  the  section  of  the  crosscut 
where  practicable,  only  moving  his  arm,  having  stationed 
himself  so  that  his  body  ofEers  the  minimum  amount  of 
resistance  to  the  air-current.  On  starting  the  anemometer 
the  observer  gives  a  signal  and  the  assistant  notes  the  time 
in  minutes  and  seconds.  After  traversing  the  section  and 
stopping  the  anemometer  the  observer  gives  another  signal 
and  the  difFerence  in  the  two  times  gives  the  length  of  time 
of  observation.  The  difference  in  the  reading  of  the  anemometer 
before  and  after  divided  by  this  time  gives  the  velocity  in  feet 
per  min. :  to  this  is  added  the  instrument  correction  and  the 
result  is  the  correct  velocity  at  that  particular  cross  section : 
this  is  repeated  two  or  three  times  and  the  imean  result  taken. 
The  average  amounts  of  air  in  circulation  are  as  follows  : — 
Prior  to  the  fire  in  1906 : — 

Dickenson's    fan    circulated    75,000    cub.    ft.    per  minute, 
running  360  r.p.m. 
After  the  fire  : — 

This    fan    circulated   58,000    cub.  ft.  per  minute,  running 
330  r.p.m. 
AVeatherley's  fan — All  shaft  timbers  in  place  : — 

Circulating  39,500  cub.  ft.  per  min.,  running  48  r.p.m. 
51,600         „  „         „         ,,  64 

"Weatherley's  fan — All  shaft  timbers  removed  : — 

Circulating  50,000  cub.  ft.  per  min.,  running  49  r.p.m. 
Dickenson's  fan   in    1908  : — 

Circulating  47,500  cub.  ft.  per  min.,  running  240  r.p.m. 
The  total  quantity  of  air  in  circulation  is  thus  97,500  cub.  ft. 
per  min.,  or  average  of  200  cub.  ft.  per  man  and  horse  employed 
in  the  mine. 
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Both  fans  have  been  run  forcing  the  air  through  the  mine, 
and  there  was  no  appreciable  difference  in  the  quantitv  of  air 
in  circulation. 

In  any  criticism  of  the  foregoing  results  it  should  be  bonie 
in  mind  that  the  ventilation  scheme  of  a  colliery  is  of  paramount 
importance,  and  the  shafts  and  workings  laid  out  with  that  end 
in  view,  whereas  in  the  Proprietary  Mine  the  ventilation  had 
to  suit  workings  already  in  existence,  as  witness  the  marked 
increase  in  the  air  circulating  at  AVeatherley's  shaft  when  the 
shaft  timbers  were  removed. 

For  the  purpose  of  showing  that  the  fans  have  a  cooling  effect, 
the  following  calculations  worked  out  on  lines  laid  down  l)y  Dr. 
J.  S.  Haldane  may  prove  interesting.  There  is  no  appreciable 
difference  in  the  0  contents  of  air  outside  and  inside,  at  any 
rate  in  the  first  decimal  place.  The  temperature  of  the  outside 
air  was  63°  F  by  dry  bulb,  and  51°  F  by  wet  bulb.  The 
temperature  of  the  upcast  air  70°  by  both  thermometers.  From 
Glaisher's  tables  we  find  the  difference  in  weight  of  aqueous 
vapour  to  be  5.2  gr.  per  cub.  ft.  for  the  temperature  given,  and 
the  increase  in  temperature  7°  F.  The  moisture  would  carry  off 
latent  heat  equivalent  to  that  produced  by  the  disappearance  of 
.156%  0,  and  the  rise  in  temperature  between  intake  and  upcast 
air-heat  equal  to  a  loss  of  .026%  0.  Thus  the  heat  carried  off 
was  equal  to  that  produced  by  a  total  loss  of  0  of  .  156  plus 
.026,  equal  to  .18%  0,  or  sufficient  to  have  heated  the  air  by 
50.5°  F,  whereas  the  actual  increase  was  only  7°  F. 

Another  advantage  of  a  rcjnilar  svstem  of  ventilation  is  the 
fact  that  the  fumes  from  blasting  are  rapidly  carried  away,  and 
in  a  mine  where  an  average  of  600  lb.  of  explosive  are  used  daily 
this  is  an  important  consideration. 

Apart  from  the  regular  system  of  ventilation  auxiliary 
ventilation  for  drives  and  winzes  is  also  carried  out.  Prior  to 
1004  the  stopes  in  Block  13  mine  between  the  400-ft.  and  500-ft. 
levels  were  ventilated  by  a  small  exhaust  fan  placed  over  the 
central  mullock  pass  of  the  stope  on  the  400-ft.  level. 
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The  customary  means  adopted  for  ventilating  drives  and  rises 
consisted  of  galvanized-iron  pipes  conveying  air  to  the  face,  the 
current  being  produced  by  either  air  or  water  jets.  The  fore- 
going method  is  also  employed  in  stopes  in  which  the  ventilating 
current  is  sluggish  ;  this  applies  more  to  square -set  stopes  than 
to  open  stopes.  The  pipes  used  are  generally  14  in.  diam., 
though  20  in.  diam.  and  oval  pipes  have  been  used.  All  pipes 
are  flanged  and  bolted  in  position,  the  joint  is  made  air-tight 
with  gasket.  Joints  made  as  indicated  are  more  reliable  than 
ordinary  spigot  and  faucet  joints  often  packed  with  pieces  of 
paper.  In  most  cases  the  pipes  are  laid  along  the  bottom  of  the 
drive  ;  in  that  position  they  are  more  easily  protected  from 
flying  stones  from  blasting  and  can  be  kept  closer  to  the  face. 
AMien  pipes  are  fixed  in  the  back  of  the  drive  they  are  kept 
about  KK)  ft.  from  the  face — to  bring  the  air  to  the  face  a 
canvas  pipe  is  used.  The  canvas  pipe  is  strung  on  a  wire 
reaching  from  the  galvanized-iron  pipe  to  the  face  ;  one  end  of 
the  canvas  pipe  is  fitted  on  the  iron  pipe^  and  using  it  concertina 
fashion  it  adjusts  itself    to  varying  distances    of   the  face   from 

ToF-cE  ^  r  ^^^  ii'o^^  pip®-     The  canvas  pipe 

•    r.  hA  ^OC/i        BEND      Coin  .  T  •  ,        1   1        i 

< -'^^A/A/|   -^  I ^A        IS  always  removed  prior  to  blast- 

Fi,;.  4.  GO-ft.  lengths.     To  allay  the  dust 

of  explosion  and  cool  the  face  use  is  made  of  a  water  gun  ;  this 
consists  of  a  section  of  8-in.  pipe  let  into  the  air-main  supplying 
compressed  air  to  rock  drills  at  the  face  and  fitted  with  the 
necessary  connection  as  shown  (fig.   4)  for  filling  with  water. 

Its  operation  is  as  follows  : — 

The  cock,  A,  on  air-main  is  closed  just  prior  to  firing,  the 
hoses  at  the  face  disconnected  and  the  bend  of  air  pipe  pointed 
at  the  face,  the  connection  on  water  pipe  opened  and  the  large 
pipe  filled  with  water  ;  when  filled  the  water  is  shut  off.  On 
the  miners  spitting  the  fuses  and  withdrawing  from  the  face  as 
soon  as  the  holes  explode,  the  cock.  A,  is  opened  and  the 
compressed  air  forces  the  water  in  front  of  it,  issuing  as  a  tine 
spray,  and  lays  the  dust. 
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The  following  figures  show  the  quantity  of  air  thrown,  the 
head  for  water  jets  and  the  pressure   for  air : — 

Air  Jets  :— 300  ft.  head,  200  ft.  long,  oval  pipe,  950  cub.  ft. 
Water  jet,  1280  cub.  ft.    Water  and  air  jets  combined. 
Drives  : — ^Water  jet  400  ft.  head,  220  ft.  long,  several  bends, 
708   cub.  ft.   per    min.      Water   jet  -400  ft.  head,   120 
ft.  long,  2  right-angle  bends,  633  cub.  ft.  per  min. 
Rise:— Water    jet   200  ft.  head,  64ft.  long,   30  ft.    of   U  in. 
pipe,    then  34  ft.  of  10  in.   pipe,    1   right-angle    bend 
(the    bend   was    not    too    clean     when    the    air    was 
measured),  523  cub.  ft.  per  min. 
Air  jet  for  inclined  rise  80  ft.  long,    10  in.  pipe,  spigot  and 
faucet  joints,  air-pressure  75  lb.  per  sq.  inch — 350  cub.  ft. 
per  min. 
Air  jet   for  drive  and  winze  100  ft.   long,    10  in.  pipe,  two 
bends,  75  lb.   per  sq.  inch — 391  cub.  ft.  per  min. 
^^'here  there    is   sufficient  head  and   the   water  can    be  easily 
disposed  of  a  wat«r  jet  is  preferable  to  an  air  jet. 

In  other  places  small  fans  have  been  used.  A  Sturtevant 
blower  had  a  capacity  of  4000  cub.  It.  per  min.  and  an  electric 
motor-driven  fan  8000  cub.  ft.  per  min.  A\lien  installing  pipes, 
conveying  air  from  fans,  the  pipe  should  have  such  a  diameter 
that  the  velocity  of  the  air  will  not  exceed  1000  ft.  per  min., 
otherwise  the  fan's  capacity  is  reduced. 

AVliilst  the  main  ventilation  is  exhausting,  in  re -opening  the 
fire -areas  for  productive  work  local  pressure  fans  were  employed 
as  more  suited  to  the  conditions. 

The  area  above  the  300-ft.  level  was  not  connected  with  the 
main  ventilating  system,  therefore  a  fan  was  installed  at  the 
top  of  the  winze  and  air  forced  down  through  a  pipe  to  an  air- 
tight chamber,  from  which  smaller  pipes  were  led  to  the  working 
faces,  thus  ensuing  good  air  at  the  point  of  attack. 

The  1906  fire-area,  before  referred  to,  when  bemg  re-opened 
was  similarly  ventilated  by  a  pressure  fan.  This  area  could 
have    been    ventilated   by    the   return   air  in  the  main    current. 
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but  ill  the  interests  of  health  the  management  decided  to  force 
fresh  air  from  the  surface  through  these  workings  and  thence 
into  the  return  air-current  of  Weatherley's  fan. 

AMiere  small  fans  are  used  for  local  ventilation,  it  is  a  wise 
precaution  to  arrange  suitable  doors  and  connections  on  the 
intake  and  delivery  sides  in  order  that  the  fan  may  either  be 
used  exhaustmg  or  forcing. 
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THE  USE  OF  EXPLOSIVES  IN  STEEL  WORKS. 
By  R.  T.   Slee. 

(Read  before  the  Broken  Hill  Branch,  J^lth  19^0.) 

In  presenting  the  following  short  paper  the  writer  hopes  to 
illustrate  some  uses  of  explosives  in  industrial  work  under 
conditions  different  to  those  prevailing  on  mining  fields.  This 
paper  is  based  on  experience  gained  at  the  Newcastle  steel 
works  of  the  Broken  Hill  Proprietary  Company  Limited. 

The  management  had  decided  that  as  soon  as  No.  2  blast 
furnace — which  is  of  an  improved  design — was  ready  to  be  put 
into  commission,  No.  1  blast  furnace  was  to  be  dismantled  and 
reconstnicted  to  a  similar  design  to  No.  2  furnace.  This 
reconstruction  entailed  the  removal  of  the  brick  lining  of  the 
furnace  shaft,  and  also  the  removal  and  disposal  of  the 
''salamander"  and  hearth-lining.  For  the  information  of 
meml)ers  who  may  possibly  be  unacquainted  with  the  term 
''  salamander,"  it  might  be  explained  that  this  term  is  used 
by  iron  metallurgists  to  denote  the  mass  of  iron  and  slag 
formed  at  the   bottom  of  the   furnace  whilst  in  commission. 

The  method  of  disposal  depends  upon  the  size  and  nature  of 
the  salamander,  and  in  the  case  under  review  it  was  decided  to 
bur}'  it  below  the  hearth  of  the  furnace  to  be  reconstructed. 
A  passage-way  was  made  in  the  concrete  walls  of  the  cast 
house,  and  the  sand-fiUing  of  the  cast  house  removed  sufficiently 
to  allow  of  the  concrete  foundations  of  the  furnace  being  reached. 
This  passage-way  was  extended  until  the  hearth  was  encountered. 
The  next  operation  was  the  removal  of  the  hearth-lining  below 
the  salamander.     The  removal  of  the  concrete  was  not  difficult; 

[Thit  paper  is   sepanttrly  bound,  and    may  be,  if  bo  di-Hirrd,  detached   coroplrte  from 
thii  namber.]  c 
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holes   were  drilled    by  the  use    of    "jackhamers,"   charged  with 
gehgnite    in    the    usual   way,    and    fired    by  ordinary   fuse    and 
.detonators. 

At  first  some  difficulty  was  experienced  in  inducing  the 
operators  to  take  the  necessary  precautions  to  prevent  danger 
from  flying  fragments,  but  this  difficulty  (which  was  due  to 
inexperience  on  the  part  of  the  men)  was  soon  overcome. 

On  reaching  the  hearth  it  was  found  to  be  still  very  warm — 
in  fact,  so  warm  that  it  was  necessary  to  woi'k  the  men  in  spells 
whilst  in  its  vicinity. 

In  order  to  salvage  as  many  as  possible  of  the  two  bottom 
rows  of  hearth  blocks  (which  appeared  to  be  in  good  condition), 
the  next  operation  was  to  remove  the  concrete  foundation  below 
them ;  the  excavation  thus  made  would  also  serve  as  a 
receptacle  for  the  salamander  providing  the  quantity  deposited 
was  not  too  large. 

The  same  drills  were  used  for  boring  purposes,  but  the  size 
of  the  bits  was  increased ;  every  hole  as  drilled  had  a  water 
hose  placed  in  it  in  order  to  cool  its  walls  and  to  prevent  a 
premature  explosion  when  charging.  When  ready  to  fire,  each 
hose  was  removed  and  the  charge  pushed  home ;  the  charge 
was  wrapped  in  a  clay  envelope  as  an  additional  precaution. 
The  use  of  large -size  bits  was  necessary  in  order  that  the  clay 
envelope  containing  the  charge  could  be  inserted  with  ease. 

Many  hearth  blocks  were  salvaged  by  the  use  of  crowbars 
and  an  occasional  "pop." 

As  the  excavation  progressed  under  the  salamander,  props 
were  used  to  prevent  it  from  falling;  all  the  brickwork  up  to 
the  iron  was  removed,  and  also  for  the  space  of  about  9  in. 
outside  its  circumference. 

Whilst  the  excavation  was  proceeding,  the  work  of  dropping 
the  salamander  was  also  put  in  hand,  and  this  work  called  for 
the  drilling  of  holes  around  the  circumference  ;  in  all,  15  holes, 
each  about  4  ft.  deep,  were  drilled  ;  these  holes  were  chambered 
to  receive  larger  charges  of  explosive.  Before  charging  these 
holes,  a  protecting  fence  of   railway  sleepers  enclosing  the  space 
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between  the  top  of  the  hearth  jackets  and  the  tuyere  jackets, 
was  lashed  into  position.  Each  hole  was  then  charged  with  18 
plugs  of  gelignite,  and  electric  detonators  were  utilised.  For  the 
first  two  attempts  the  detonators  were  connected  in  series  and  a 
rack-bar  exploder  used.  On  the  first  trial  one  hole  only 
exploded ;  on  the  second,  only  three  holes  exploded. 

In  view  of  these  failures,  the  contractor  consented  to  try 
another  method.  The  sand  tamping  was  blown  out  by  the  use 
of  compressed  air,  and  the  detonators  removed  ;  fresh  detonators 
and  primers  were  inserted,  and  the  detonators  were  then 
connected  to  the  leading  wires  in  parallel.  Instead  of  the 
exploder  being  used,  current  was  obtained  from  the  power 
circuit.  By  using  this  method  all  the  holes  exploded,  but 
owing  to  the  two  previous  miss-fires  the  salamander  dropped 
about  2  ft.  only,  and  then  hung  up.  It  was  again  propped  up, 
and  the  debris  removed.  AMien  this  work  was  completed  it 
was  found  that  the  salamander  was  free  all  round  its 
circumference.  A  cement  bed  was  prepared  for  its  reception — 
the  supporting  props  fired,  and  the  mass  dropped  ;  all  timber 
was  then  removed  and  the  salamander  concreted  in  position, 
forming  a  foundation  for  the  new  hearth-lining. 

Another  case  in  which  explosives  were  used  was  in  removing 
a  parapet  in  order  to  extend  the  cast  house,  and  for  this 
purpose  it  was  necessary  to  remove  about  30  ft.  in  length  of 
concrete,  2  ft.  high  and  2  ft.  thick. 

Instead  of  using  hammers  and  gads,  it  was  decided  to  blow 
the  parapet  off,  taking  care  of  course  that  the  wall  was  not 
injured  by  the  charges.  This  work  was  carried  out  in  the 
following  manner : — The  grade  line  was  marked  on  the  parapet, 
and  holes  drilled  about  3  in.  apart  ;  the  first  hole  pierced  the 
parapet  completely,  the  next  was  about  16  in.  deep,  and  the 
drilling  jierformed  in  that  manner  till  the  whole  length  of  30  ft. 
was  covered.  Light  charges  of  half-plugs  of  gelignite  were 
placed  in  solid  holes  about  2  ft.  apart,  and  fired.  The  line  of 
holes  was  the  line  of  fracture,  and  no  damage  was  done  to  the 
wall  beneath. 
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On  another  occasion  the  metallurgical  stafE  desired  to  examine 
the  interior  of  three  forging  ingots,  which  were  the  first  ingots 
cast  in  the  steel  foundry  using  a  cast-iron  mould.  It  was 
desired  to  split  the  ingots  longitudinally,  and  it  was  thought 
that  explosives  might  be  used  to  bring  about  this  result. 

The  first  ingot  was  drilled  with  11  IJ-in.  holes,  placed  12  in. 
apart,  and  18  in.  deep.  A  trial  showed  that  charges  fired  for 
the  purpose  of  chambering  had  very  little  effect,  the  chambered 
holes  only  taking  from  one  to  two  plugs  more  than  the  untreated 
holes  in  order  to  give  the  same  depth  of  charge.  Ten  holes 
were  charged,  the  remaining  hole  being  rejected  on  account  of 
it  having  ended  in  slag.  The  ten  holes  took  G5  plugs ;  the 
electric  detonators  were  inserted,  and  each  hole  tamped  to  the 
collar  with  clay  ;  the  detonators  were  connected  to  the  firing- 
wires  in  parallel.  The  whole  ingot  was  then  covered  with 
sand-bags  in  order  to  prevent  danger  from  flying  fragments. 
The  firing-wires  were  connected  to  a  two-pole  switch  connected 
with  the  power  circuit  ;  by  closing  the  switch  the  holes  were 
all  fired  simultaneously.  The  result  was  a  thin  crack  the  whole 
length  of  the  ingot,  but  apparently  only  about  6  in.  deep  as  a 
close  examination  of  the  butt-end  did  not  reveal  a  greater 
depth. 

The  holes  were  again  charged,  using  85  plugs,  and  fired  as 
before.  This  time  the  ingot  was  split  completely  in  halves  ;  the 
two  pieces  were  thrown  about  50  ft.  from  the  original  site  as  a 
result  of  the  explosion. 

The  second  ingot  was  drilled  in  a  similar  manner,  excepting 
that  about  six  holes  were  drilled  from  the  opposite  side  and 
arranged  to  pass  between  the  holes  on  the  other  side.  The  same 
procedure  was  followed  as  in  the  first  case,  85  plugs  being  used ; 
a  crack  similar  to  the  one  in  the  first  ingot  was  the  result. 
Thirteen  holes  were  then  recharged,  using  65  plugs,  and  refired. 
The  ingot  was  completely  split,  and  the  top  half  thrown  for  a 
distance  of  about  6  ft. 

In  the  third  ingot  the  holes  were  placed  9  in.  apart — 27  holes 
in  all,  drilled  from  both  sides,  and  charged  with  120  plugs  ;  they 
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were  then  fired  as  before.  The  first  explosion  completely  split 
the  ingot,  and  also  broke  the  two  halves  circumferentially  ;  one 
piece  was  thrown  6  ft.  away,  and  the  other  about  18  ft.  away. 

A  feature  of  the  splitting  of  the  third  ingot  was  the  fact  that, 
as  a  result  of  the  explosion,  a  cast  the  length  and  shape  of  the 
ingot  was  made  in  the  ground,  about  4  ft.  deep  at  one  end  and 
tapering  to  6  in.  at  the  other  end.  The  depression  made  by  the 
splitting  of  the  first  two  ingots  was  hardly  noticeable. 

Explosives  were  also  successfully  used  at  Newcastle  for 
loosening  the  accretions  formed  on  the  bottoms  of  the  open- 
hearth  steel  furnaces  after  a  campaign. 

In  any  criticism  of  the  foregoing,  it  should  be  borne  in  mind 
that  the  explosives  were  used  under  conditions  very  dissimilar  to 
those  obtaining  in  either  mining  or  quarrying  operations,  and  the 
writer  trusts  that  the  results  given  will  be  of  interest  to  his 
fellow-members. 
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MECHAXK  AL  METHODS  OF  ALLAYING  DUST. 
By  p.  H.  Warren. 

(Read  before  the  Broken  Hill  Branch,  31 5^   }fay,   1U2I.) 

Attention  has  recently  been  directed  to  the  subject  of  dust- 
production  and  methods  of  allaying  same  in  the  Broken  Hill 
mines,  so  that  the  time  would  seem  opportune  for  the  local  branch 
of  the  Institute  to  discuss  certain  features  of  an  important  phase 
of  the  health  question  in  connection  with  underground  work. 

Tests  conducted  in  the  Broken  Hill  South  mine  and  at  other 
mines  at  Broken  Hill  have  shown  that  the  ordinary  operations  of 
mining,  such  as  boring,  blasting,  and  shovelling,  niay  be  accom- 
panied bv  the  production  of  considerable  dust  unless  water  is 
judiciously  used. 

In  South  Africa  dust  particles  under  5  microns  size  are  regarded 
as  dangerous,  because  they  are  so  small  as  to  be  invisible  to  the 
naked  eye,  and  will  escape  the  protections  set  .up  by  nature  in  the 
nose  and  throat,  and  thus  may  be  inhaled  in  large  quantity.  A 
micron  is  1   2.3000th  part  of  an  inch. 

This  paper  contains  an  account  of  the  work  done  on  the 
Broken  Hill  South  mine  chiefly,  though  some  tests  were  done  on 
other  local  mines. 

An  acknowledgment  is  due  to  Mr.  T.  A.  Read,  of  the  Broken 
Hill  South  mine,  who  conducted  some  of  the  tests  herein 
mentioned,  and  under  whose  supervision  most  dust  counts  were 
made. 

Numerous  dust  samples  have  been  taken  by  means  of  the 
konimoter,  an  instrument  designed  by  Dr.  Kotze,  the  (Government 
mining  ongineer  of  the  Union  of  South  Africa,  and  fully  descril)ed 

[Thiw   paper    is   separately  bound,  and    may   be,  if    ho   desired,  detached   complet*   from 
tbia  oumb'.-r.j  D 
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in  the  Journal  of  the  South  African  Institution  of  Engineers,  March, 
1918,  ill  a  paper  by  John  Innes,  also  in  the  final  report  of  the 
^Ihiers'  Phthisis  Prevention  Committee,  South  A^frica. 

The  following  figures  show  average  dust  counts  from  many 
different  samples,  all  of  which  were  obtained  under  working  con- 
ditions prior  to  May,  1919  : — 


Total 

/o 

Remarks. 

Dust 

under 

per  cc. 

5  microns. 

Surface  air — fine  day    . . 

3 

100 

„  —high  w4nd             

50 

96 

Downcast  air      . . 

2 

100 

Upcast  air 

220 

100 

Drives  and  Crosscuts — 

1.  Boring y  chiefly  piston  drills,  outside  jets  (average 

of  6  samples) 

297 

95 

2.  Filliivg — average  of  four  samples  ;  jet  had  been 

used  to  water  pile  down 

313 

96 

3.  After    Firing — 17    holes.      Average    of     three 

samples ;      water-blast     turned    on    for    12 

minutes  before  sample  taken 

147 

90 

Rises — 

].  Boring — Average  of  three  samples,  using  out- 

.side  jet 

611 

97 

Average     of    three    samples     using    Clifton 

apparatus     . . 

374 

90.5 

2    After  Firing — No  water  used  ;  blown  out  with 

air  for  10  minutes 

1810 

94 

Stopes — 

1.  Filling  ore  into  trucks  and  chutes — 

Average  of  5  samples  . . 

133 

— 

(1)  The    piles    were    wetted    down    with 

the  hose 

— 

— 

(2)  \o  water  used 

352 

— 
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Remarks. 


ST'jiTS — continued 

2.  Boring — 

(a)  Piston    drill    with    outside    jet 

{h)  Piston    drill    with    outside    jet  ;    5    pops 

fired  1  hour  previously     . . 
(c)  22  p.  Waugh  popper,  outside  jet ;  average 

of  10  samples 
{d)  22    p.     Waugh     popper,      with     Clifton 

apparatus     . . 

3.  After  Firing — 

(1)  No  water  used  ;  fired  30  min.  previously 

(2)  Fired  -4  holes  ;  no  water  used  ;  taken  as 

men  returned 

(3)  As  per  Xo.  (2),  after  wetting  down  with 

jet     . . 

(4)  As  men  returned  after  firing  ;   no  water      2808 

(5)  As  men  returned  after  firing;  no  water      1305 


Total 

Dust 

I>€r  cc. 

under 
5  micron? 

398 



850 

636 

96 

177 

96 

772 

100 

3197 

98 

2670 

100 

2808 

98 

1305 

98 

Averase 


2495 


(6)  As  per  No.  (5),  after  wetting  down  with 

hose  ..         ..         ,.         ..         ..         ..       1113 


98 


A  study  of  the  figures  supplied  indicates  that  the  use  of  water 
with  boring  machines,  and  for  wetting  down  piles  of  material 
before  shovelling,   makes  those  operations  practically  dust-proof. 

The  dust  caused  by  firing  can  be  effectively  dealt  with  by  means 
of  the  water  blast,  as  will  be  shown  later. 

During  the  recent  cessation  of  work  the  opportunity  was  taken 
to  conduct  many  tests  on  the  Broken  Hill  South  mine,  and 
numerous  dust  samples  produced  by  the  various  operations  of 
underground  work  were  taken  and  counted. 

The  Clifton  apparatus,  of  which  a  description  follows,  was  also 
thoroughly   tested   and   developed    by    members    of    the    under- 
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ground  staff  for  use  with  telescopic  feed  drills  on  rise  holes  and 
dry  head  hammer  poppers  in  place  of  the  outside  jet. 

The  following  table  summarizes  the  results  obtained,  the 
figures  given  being  the  averages  of  numerous  samples  of  each 
class  of  work  : — 


No. 

1 

2 


Classification, 


Piston  drills  with  outside  jet 
Axial  water  feed  machines — 

(a)  Ingersoll  Leyner 

(&)  Waugh  Dreadnought 

(c)  Waugh  Clipper 

{d)  Waugh  Turbro         

Dry  Head  Hammer  Poppers  (Waugh  22 

(a)  Outside  jet   . . 

(6)  With  Clifton  apparatus 
Rise  holes  bored  with  dry  head  hammer 

(a)  Outside  jet    . . 

(6)  With  Clifton  apparatus 


Total  Dust 

Particles 

per  cc. 

under 
5  microns 

. 

233 

95 

289 

94.5 

•                     •   • 

146 

97.4 

. 

295 

91.2 

286 

96 

p-)- 

717 

96 

.  . 

54 

98 

drills — 

•          •  • 

963 

80 

. 

'        45 

86 

The  Clifton  Dust  Collector. 

The  Clifton  dust  collector  was  first  submitted  to  the  Broken 
Hill  South  Ltd.  in  December,  1918,  by  Mr.  D.  Clifton,  of  South 
Broken  Hill. 

The  apparatus,  as  originally  designed  for  use  in  rises,  is  shown 
in  the  accompanying  illustrations,-  Fig.  1  and  Plate  I.  Patent 
Specification  No.  9478,  9th  December,  1918,  Commonwealth  of 
Australia,  contains  a  detailed  description  of  the  original  apparatus. 

The  essential  features  of  the  appliance  are  a  dish,  which,  when 
in  use,  is  forced  up  to  the  rock  face,  the  drill  steel  working  through 
it,  and  which  is  supported  upon  an  independent  telescopic  stand. 
The  w^ater  is  supplied  to  the  dish  by  means  of  a  J-in.  hose,  term- 
inating in  a  pipe    encircling  the    interior  of  the   dish.     The  pipe 
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is  provided  with  6  small  jet  holes — three  on  the  upper  surface  of 
the  pipe,  placed  so  as  to  direct  three  small  jets  to  the  collar  of  the 


'*«VWMan^^ 


Sectional     Elevation 

Fig.  1. 
Original  Cliftox  Dust  Collector  for  Du8T  in  Rises. 

hole,  and  three  on  the  lower  surface  to  provide  for  washing  the 
cuttings  out  of  the  dish  into  the  sludge  pipe. 

Tests   with    this    apparatus    showed    that    it    possessed    two 
important  advantages  : — 

(1)  It  tended  to  confine  the  water,  making  the  work  cleaner 
and  drier  for  the  men. 
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Fh;.  2. 
Impi'.otkd  Clifton  Du.ht  Colleutoi:  for  the  p:   Ui.ses. 
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(2)  Dust  counts  were  low  as  compared  with  the  outside  jet 
average  of  many  samples,  showing  367  particles  per  cc, 
90.2  %  of  which  were  below  5  microns  in  size. 
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The   apparatus   has  now   been   considerably   improved 
efforts  of  the  members  of  the  underground  stafF,  and,  as  no 
is  illustrated  in  Figs.  2,  2a,  and  2b. 


by  the 
w  used, 
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The  following  is  a  list  of  the  improvements  effected  :  — 

(1)  Attachment  of  rubber  sponges  to  top  of  dish,  effecting  a 

much   better  joint  to  the   back,   making  the  apparatus 
practically  water  and  dust-proof. 

(2)  A  movable  bottom,  enabling  the  apparatus  to  be  left  in 

position  while  steels  are  changed. 

(3)  The   provision   of   a   rigid   stand,  shown   in   Fig.   '2.     The 

quick  thread  of  the  upper  portion  of  the  bar  permits  of 
the   apparatus  being  wedged   tightly  against  the   back  ; 
thus  a  good  joint  against  the  rock  face  is  secured,  and  at 
the  same  time  the  dish  is  held  so  rigidly  in  place  that 
drills     may    be     changed   without    fear    of     a     collapse, 
eliminating  a  source  of  inconvenience  and  loss  of  time 
that  was  a  feature  of  the  original  apparatus. 
Plate  II  shows  the  apparatus  set  up  for  work  underground. 
Averages  of  dust  sample  counts  obtained  by  using  the  improved 
Clifton  in  combination  with    a  Waugh  l()-v.  telescopic  feed  drill 
give  a  result  of    45  particles  per  cc,  86  %  of  which  were  under 
5  microns  in  size. 

Fig.  o  shows  a  modified  form  of  the  apparatus  designed  and 
tested  on  the  mine  for  use  with  poppers.  The  popper  is  ex- 
tensively used  in  the  Broken  Hill  mines,  not  only  for  boring  holes 
in  large  rocks,  but  also  for  cutting  hitches  in  timber  work,  while 
the  heavier  "  jackhamer"  is  sometimes  used  for  winz(^  and  shaft 
sinking. 

As  previously  mentioned,  local  practice  in  the  past  has  been 
to  apply  water  iu  the  form  of  an  outside  jet  for  the  suppression 
of  dust.  The  use  of  such  machines,  therefore,  meant  the  employ- 
ment of  two  nuMi  ])er  machine  in  order  to  ensure  an  adequate 
supply  of  wat'<M-  to  the  hole.  It  was  noc,  however,  unusual  to  find 
men  boring  dry  with  poppers,  despite  the  fact  that  such  jjractice 
is  not  only  a  contravention  of  the  Mines  Insjicctimi  Act  of  Xew 
South  Wales,  but  is  also  condemned  alike  by  the  management 
and  the  local  miners'  union. 

The  modified  form  of  the  Clifton  apparatus  adopts  for  this 
purpcjse  is  entirely  successful,  not  only  because  the  dust  is  almost 
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completely  suppressed,  but  the  employment  of  an  additional  man 
IS  rendered  imnecessarv. 

Samples  of  dust  from  Waugh  22-p.  poppers  using  the  Clifton 
gave  an  average  dust  count  of  54  particles  per  cc,  98  o/  bein^. 
uiulei-  .)  microns  in  size.  ^^         ^ 


(fix  ci^se.  To   D.sM^ 


IxpnovK,,  Curro!,  Dust  Coi.l'ectou  hop.  use  with  Poppbos. 

A  study  of  the  dust  count  figures  makes  it  clear  that  the 
Chiton  apparatus  effects  considerable  improvement  in  dust- 
allay„,g,  ,n  nsmg  and  p<.ppi„g  work,  as  con.pa.ed  with  macnines 
using  an  outside  water  jet. 

Further  there  is  the  imr«,rtant  consideration  tlmt  in  tlie  case 
of  rising  the  work  is  made  cleaner  and  drier  for  the  men,  and  the 
mechanical  application  of  water  renders  the  employment  of  two 
men  with  the  popper  or  "  jackhamer  "  unnecessary 
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The  combination  of  the  Clifton  apparatus  used  with  solid  steel 
hammer  drills  of  the  Waugh  l(i-v.  type,  or  used  dry  with  wet 
telescopic  feed  drills  of  the  hydro  max  type — in  which  case  the 
dish  acts  as  a  return  water  catcher — is  perfectly  satisfactory. 
The  only  wearing  part  is  the  rubber  sleeve  through  which  the 
st^el  passes.  The  internal  lining  of  disused  air  hose  is  utilized 
for  this  purpose.  Changing  steels  is  a  simple  operation,  and  it 
entails  no  loss  of  time. 

The  apparatus,  however,  is  not  suitable  for  use  with  piston 
drills,  nor  can  it,  in  its  present  form,  be  used  with  collared  steel. 

The  use  of  Clifton's  appliance  in  the  manner  indicated  provides 
a  means  of  doing  rise  work  which,  in  the  matter  of  cleanliness, 
freedom  from  dust,  and  low  machine  repair  costs,  compares 
favourably  with  the  work  done  by  axial  water  feed  drills  of  the 
Ingersoll  Leyner  type. 

The  mechanical  operations  of  underground  work,  if  properly 
carried  out  in  combination  with  the  judicious  use  of  water,  are 
not  productive  of  unhealthy  conditions  due  to  dust.  Boring 
holes  beneath  the  horizontal  is  quite  safe,  using  piston  drills  with 
the  outside  jet.  Rise  holes  can  be  bored  in  perfect  safety  with 
dry  head  hammer  telescopic  feed  machines,  using  the  Clifton 
collector,  or  with  axial  water-feed  machines,  and  boring  pop-holes 
is  practically  a  dust-free  operation  when  using  water  supplied  per 
medium  of  the  Clifton  collector  as  niodified  for  this  purpose. 

Allayixg  Bust  from  Firintj. 

The  real  source  of  dust  production  underground  is  that  caused 
by  the  firing  of  holes. 

A  sample  of  air  taken  immediately  after  firing  a  three-hole  cut 
in  a  drive  in  one  of  the  Johannesburg  mines  gave  8(>,000  particles 
per  Qf,  {vide  CJeneral  Report,  Miners'  Phthisis  Prevention  Com- 
mittee, par.  \)\). 

Investigations  have  conclusively  proved  that  dust  produced 
in  this  way  can  Ix)  satisfactorily  laid  by  the  use  of  the  water  blast, 
an  apparatus  in  which  a  stream  of  water  is  atomized  by  com- 
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pressed  air,  so  that  the  space  adjacent  to  the  explosion  becomes 
filled  with  minute  drops  of  water,  which  attach  themselves  to 
the  dust  particles  and  lay  them.  The  following  table  shows  the 
number  of  dust  particles  per  cc.  remaining  in  the  air  after  the 
application  of  the  Avater  blast  for  32  minutes.  The  tests  were 
conducted  in  a  stope — 970,  section  H,  Broken  Hill  South  mine  — 
by  Mr.  T.  A.  Read,  and  the  figures  obtained  are  comparable 
with  the  dust  counts  without  the  use  of  the  water  blast  in  the 
same  stope  : — 


(A)    Without  Water  Blasts. 

(B) 

With  3 

Water  Blasts. 

Time 
after 

blasting 

Average 

No.  of 

dust 

No. 
of 

under 
5 

in 
Sus- 

Average 
No.  of 

particles 
per  cc. 

No. 
of 

/i  under 
5 

'    in 
Sus- 

in 
mine. 

particles 
per  cc. 

Spots. 

microns. 

pension. 

Spots. 

microns. 

pension- 

5 

36,029 

5 

95 

100 

11,738 

6 

100 

100 

32 

17,551 

6 

95 

48.7 

2660 

6 

100 

22.7* 

47 

12,866 

6 

97 

35.7 

2487 

!     6 

100 

21.2 

62 

8343 

5 

100 

23.1 

1460 

6 

100 

12.4 

77 

6946 

6 

100 

19.3 

1237 

5 

100 

10.5 

92 

6808 

6 

100 

18.9 

!     1250 

6 

100 

10.6 

117 

3530 

3 

100 

9.8 

879 

6 

100 

7.5 

122 

3432 

4 

100 

9.5 

;       702 

i 

1     6 

i 

100 

5.9 

*  Water  Blasts  Stopped. 

In  Test  (A)  no  water  blasts  were  used. 

In  Test  (B)  three  water  blasts  were  used  to  cover  the  face  of 
the  stope  ;  they  were  run  for  32  minutes  after  firing. 

The  tests  were  conducted  in  a  dead-end  stope,  150  ft.  long  and 
CA)  ft.  wide,  the  only  opening  being  an  8  ft.  x  8  ft.  crosscut  at  the 
end  farthest  from  the  face.  Six  holes  were  fired  in  both  tests. 
In  '*  A  "  test  there  was  three  times  as  much  dust  as  in  "  B  "  test 
five  minutes  after  firing.  Thirty-two  minutes  after  firing  (when 
the  blasts  used  in  *'  B  "  test  were  stopped)  there  was  ().(>  times 
more  dust  in  "  A  "  test  than  in  "  B."  The  total  dust  counts  in 
test  "  B "  seemed  low,  and  were  therefore  confirmed  by  a 
duplicate  test.  Test  "  B  "  shows  702  particles  of  dust  122  minutes 
after    firing,   whereas  test   "  A "   shows  3432.      Had     the     place 
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chosen  been  a  developmental  end,  the  water  blast  would  have 
better  control,  and  lay  the  dust  quicker  ;  whilst  had  there  been  a 
ventilating  current  the  dust  would  have  been  carried  out  into 
other  parts  of  the  mine.  Results  such  as  these  show  the  necessitv 
for  cutting  out  promiscuous  firing. 

Reference  to  the  figures  of  tests  taken  in  tne  Broken  Hill  South 
mine  shows  that  the  three  samples  taken  after  firing  from  drives 
and  crosscuts,  when  the  blast  had  been  on  for  12  minutes  onlv, 
gave  results  averaging  147  particles  per  cc.  These  three  tests 
were  made  chiefly  in  order  to  experiment  with  varying  quantities 
of  air  and  water  in  the  blast.  Comparisons  of  resulting  dust 
counts  with  those  obtainable  after  filing  in  the  stope  section  show 
that  the  water  blast  is  a  successful  dust-allayei. 

It  is  desirable  lo  lay  the  dust  at  the  point  of  origin  if  possible. 
There  is  a  much  better  chance  of  doing  this  in  development  places 
than  in  stopes  where  the  area  to  be  dealt  with  is  larger.  The 
suggestion  is  put  forward  that  every  working  face  in  all  stope, 
should  be  supplied  with  at  least  one  water  blast,  and  that 
additional  water  blasts  should  be  placed  over  the  stope,  winze, 
or  other  outlets,  in  order  to  caich  the  dust  as  it  leaves  the  stopes 
and  that  the  ventilating  current  should  l^e  sufficiently  strong  to 
quickly  sweep  the  stopes  clean. 

The  use  of  the  water  blast  has  one  disadvantage,  inasmuch  as 
the  air  in  the  immediate  locality  will  quickly  become  saturated 
with  moisture,  no  matter  what  the  temperature  is  ;  consequently, 
when  a  large  number  of  blasts  is  used  it  is  desirable  to  remove 
the  humidified  air  from  the  mine  as  quickly  as  possible. 

The  ty{)e  of  water  blast  that  should  be  used  is  a  matter  that 
has  received  considerable  attention  on  the  Broken  Hill  South 
mine. 

The  results  of  the  following  tests  indicate  that  the  best  results 
are  secured  by  the  employment  of  a  large  air  consumption  blast, 
pointed  in  the  direction  of  the  ventilating  current,  for  the  fol- 
lowing reasons  : — 

(1)  For  the  same  wat^r  consumption  a  much  greater  spread 
of  blast  is  obtained,  and  there  are  no  big  drops  fornied. 
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(2)  Much  lower  dust  counts  are  obtained. 

(3)  Pointed  in  the  direction  of  the  air  current,  ventilation  is 

assisted  instead  of  retarded. 
Three  types  of  blast,  herein  designated  as  "  A,"  "  B,"  and  "  C," 
were  chosen  for  t«st.     They  were  first  tested  on  the  surface  for 
air  and  water  consumption  by  means  of    meters  placed  in  the 
mains.     The  following  results  were  obtained  : — 


Tvpe. 


A. 

B 

C. 


Cub.  ft.  of 

Gallons  of 

P'ree  air 

water 

per  mm. 

per  mm. 

2 

20 

67 

2i 

133i 

2 

Remark;: 


Good  blast,  but  did  not  carry  far. 
Big  drops  formed  near  nozzle. 


Very 


good. 


In  order  to  test  the  dust-allaying  efficiency  of  these  blasts,  a 
dead-end  drive  underground  was  chosen,  each  blast  being  tried 
out  as  nearly  as  possible  under  similar  conditions.  The  blasts  were 
pointed  towards  the  face,  the  dust  samples  being  taken  about 
12  feet  in  advance  of  the  blast — viz.,  at  the  point  the  holes  were 
fired.     The  following  statement  shows  the  dust  counts  obtained  : — 


Conditions. 

Total  Dust  i3articl( 

2s  per  cc. 

No. 

A 

B 

C 

Free  Air  u-ed  per 

rain  : — 

20  c.  ft. 

67  c.  ft. 

lasi  c.  ft. 

1 

15 

minutes  after  firin 

g,  im- 

mediately      after 

blast 

stoj>ped    . . 

2586 

786 

No  spot. 

2 

20 

minutes  after   . . 

2540 

2554 

25 

3 

25 

5J                             >J                •    • 

_ 

1546 

2405 

147 

4 

34 

j>                   n          •  • 

2405 

1858 

426 

i 

40 

>>                  ;>          •  • 

*  • 

2748     ; 

1 

1 752 

No  s[)ot. 

The  result  of  this  test  was  so  strongly  in  favour  of  blast  ''  C  " 
that  a  check  was  carried  out,  which  confirmed  the  result  expressed 
above. 

Further  tests  were  conducted  in  a  small  sill  floor  stope  on  the 
1270-ft.  level,  the  only  openings  into  which  were  an  8-ft.  x  8-ft. 
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crosscut  on  the  1270-ft.  level  and  an  S-ft.  x  5-ft.  winze  from  the 
1170-ft.  level.  The  course  of  the  ventilating  current  was  through 
the  1270-ft.  crosscut  to  the  stope  and  up  to  the  1170-ft.  level 
through  the  rise.  In  the  following  test  the  blasts  were  so  directed 
as  to  throw  over  the  winze  on  the  1170-ft.  level  and  against  the 
normal  direction  of  the  current : — 


Total  Dust  Pa 

rticles  percc. 

Xn 

Blast  "A" 

Blast  "  C  " 

1 

3  minutes  after  firing,  immediately 

after  blast  stopped 

2493 

836 

2 

15  minutes  after  firing 

1493 

56 

3 

20        „ 

3151 

238 

4 

25 

1231 

831 

5 

30 

368 

1993 

6 

35 

248 

2665 

7 

40        „ 

152 

2140 

8 

45 

— 

1398 

The  conclusions  to  be  drawn  from  this  test  are  as  follows  : — 

(1)  The  combined  effect  of  the  ventilating  current  and  the 
small  consumption  blast  "  A  "  was  suflficient  to  clarify  the  air  in 
30  minutes  after  firing,  but  as  the  direction  of  the  blast  was 
opposed  to  that  ventilating  current  there  would  be  a  certain 
amount  of  retardation  ;  further,  as  the  stream  of  atomized  water 
produced  is  relatively  small,  there  is  the  possibility  of  dust 
particles  getting  through  and  being  carried  on  to  other  working 
places  in  the  mine. 

(2)  Blast  "  C  "  was  so  strong  that  the  direction  of  the  ventilating 
current  was  unused,  hence  the  heavy  dust  counts  after  the  blast 
was  stopped  and  the  ventilation  had  again  become  normal. 

In  the  following  test  of  blast  '*  C  ''  the  blast  was  located  at 
point  Z  in  the  accompanying  sketch  (Fig.  4)  ,the  samples  being 
taken  as  indicated   by  the   location  of  the  numbers  :  — 

The  object  in  this  arrangement,  which  is  recommended  as  the 
host  in  dealing  with  dust  issuing  from  stopes,  and  which,  in  the 
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Fig.  4. 
Location  for  Water-Blast,  1170-ft.  Level.    Skc.  G. 


E.r^O       LuT 


V^T-IOIVI 


Fro.  5. 
Watkh-Blast  C. 


Pboc.  Aus.  I.M.M. 

No.  42. 


WARREN— On  Allaying  Dust. 


Plate  I. 


Original  "Clifton"  for  use  in  RIms,  set  up  underground. 


Plate  II. 


WARREN— On  Allaying  DrsT. 


Proc.  Aus.  I.M.M. 
No.  42. 


Improved  "Clifton"  for  use  in  Rises,  let  up  underground. 


Proc.  Ads.  I.M.M. 
No.  42. 


WARREN  -On  Allaying  Dust. 


Plate  III. 


Original  "Clifton"  for  use  with  Poppers,  set  up  underground. 
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Broken  Hill  South  mine,  is  used  in  conjunction  with  water  blasts 
located  in  the  stopes,  is  twofold,  viz.  :  — 

(1)  To  assist  ventilation. 

(2)  To  secure  a  good  commingling  of  dust  particles  with  the 

stream. 
The  gangway  is  filled  with  atomized  water  for    a   distance  of 
about  KX)  ft.  in  advance  of  the  apparatus. 


No. 


Conditions.  i        Total  Dust  per  cc. 


1  3  minutes  after  firing  in  air  before  reaching^ 

i      blast              . .          .  .          . .          . .  . .      Too  heavy  to  count. 

2  :3J  minutes  after  firing  in  blast       ..  ..j     1062 

3  15  minutes  after  firing,  immediately  after 

j      blast  stopped          . .          . .          . .  . .      152 

4  120  minutes  after         . .         . .         . .  . .      No  spots  ;    few  odd 

5  1.25        ,,           ,,            . .          . .          . .  . .          particles  only. 

I 

Blast  ""  C,"  which  was  designed  by  Mr.  J.  C.  Cunningham,  chief 
engineer  of  the  Broken  Hill  South  Ltd..  is  shown  in  Fio^.  5. 


DISCUSSION. 

Mh.  \V.  D.  White.man  said  he  had  followed  with  considerable 
interest  the  very  instructive  paper  read  by  Mr.  Warren  on 
"  Mechanical  Methods  of  Dust-Allaying,"  and  he  was  sure  they 
were  indebted  to  him  and  also  to  the  other  members  of  the  staff 
of  the  South  mine  who  had  assisted  him,  for  the  valuable  work 
they  had  done  on  that  most  important  problem,  which  had  to  be 
considered  very  seriously  at  the  present  moment  in  Broken  Hill. 
The  recent  enactments  passed  by  Parliament  m  connection  with 
the  incidence  of  plumbism  and  pneumoconiosis  had  thrown  heavy 
burdens  on  the  mining  industry  for  the  future,  and,  as  the 
diseases  were  the  outcome  of  the  inhalation  or  ingestion  of  dust 
in  different  forms,  preventive  measures  to  combat  their  possible 
occurrence  had  necessarily  to  bo  studied.  With  regard  to  lead 
poi8<^)ning,  medical  men  were  not  generally  in  favour  of  the  opinion 
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that  it  was  contracted  through  working  in  sulphide  ores ;  but 
the  fact  of  the  mines  having  worked  carbonate  ores  extensively 
in  the  past  had  no  doubt  provided  the  legacy,  the  onus  of  which 
they  are  now  called  upon  to  bear.  Concerning  pneumoconiosis, 
its  existence  at  Broken  Hill  was  not  conclusive  evidence  of  the 
dangerous  character  of  the  dust  in  the  mines  in  comparison  with 
other  mining  districts.  Miners  came  there  from  other  fields, 
and  might  there  have  acquired  the  diseases,  as  their  histories  in 
a  great  many  cases  suggested.  Still,  as  prevention  was  better 
than  cure,  and  the  causation  of  those  diseases  was  held  to  be 
dust  in  a  very  finely  divided  state,  it  was  a  good  thing  that  the 
subject  had  been  opened  up,  in  order  to  invite  discussion,  and  he 
was  sure  Mr.  AVarren  would  welcome  any  criticism,  even  if  it 
differed  on  some  of  the  points  involved.  The  chief  points  for 
discussion  seemed  to  be  the  efficiency  or  otherwise  of  suggested 
methods  for  allaying  dust  produced  in — 

(1)  Boring  operations. 

(2)  Firing  operations  in  development  faces. 

(3)  Firing   operations    in    dead-end    stopes   and    also     well- 

ventilated  stopes. 

(4)  The  efficiency  of  the  konimeter  as  the  determining  factor 

in  arriving  at  the  results  obtained. 
There  was  another  operation — the  handling  of  broken  material 
underground — that  was  productive  of  dust  in  a  lesser  degree,  but 
he  thought  the  methods  of  watering  down  adopted  were  shown 
to  minimize  danger  from  that  source. 

(1)  Boring  Operations. — The  experiments  in  that  direction  on 
page  34,  he  thought,  showed  that  the  dust  could  be  successfully 
laid,  at  the  point  of  production,  by  the  use  of  water  jets  on  piston 
drills  or  by  water  internally  applied  through  the  drill  steel  to  the 
cutting  edges  of  the  bit  in  axial  water-feed  machines.  The  com- 
parative results  obtained  with  the  improved  Clifton  apparatus 
in  rising  and  p<')pping  ofxirations  spoke  for  themselves  as  regards 
low  dust  counts  ;  Init  in  view  of  the  recent  controversy  raised  in 
South  Africa  as  to  the  possibility  of  water- vapoui-  marks  being 
mistaken   for    dust  particles    in    counting    spots    taken  by    the 
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konimetric  method  of  sampling,  it  was  possible  that  the  merits 
of  axial  wat«r-feed  drills  had  been  disparaged  to  some  extent  on 
account  of  fogging.  The  machines  combined  the  one  man  one 
machine  principle  also  in  that  class  of  work.  In  rising  work, 
undoubtedly,  the  Clifton  apparatus,  if  it  could  be  accommodated 
to  the  successful  boring  of  side  and  comer  holes,  provided  extra 
comfort  to  the  miner  by  enabling  him  to  keep  dry,  and  it  also 
admitted  of  further  use  being  made  of  large  numbers  of  dry  head- 
hammer  drills  possessed  by  the  companies,  which  other^^^se  might 
become  obsolete.  The  same  trouble,  however,  was  to  be  expected 
in  enforcing  the  use  of  the  Clifton  as  was  experienced  in  the  use 
of  the  water  jet.  (2)  Firing  Operations  in  Development  Faces. — 
Those  operations,  to  his  mind,  were  productive  of  the  worst 
conditions  as  regards  fine  dust  that  they  had  to  contend  with, 
because  the  ver\^  nature  of  the  operations,  often  entailing  con- 
tinuous shift  work,  and  embodying  the  out  and  round  method 
of  firing,  as  they  did,  brought  the  miner  into  more  intimate  contact 
with  the  dust  than  he  would  be  if  engaged  in  firing  stope  holes. 
The  recommendation  to  have  wat^r  blasts  near  development 
faces  he  thought  desirable,  if  only  from  the  point  of  view  of 
clearing  and  cooling  the  end  ;  but  he  would  not  care  to  accept 
the  statement  that  all  the  dust  particles  produced  in  firing  an 
end  were  allayed  by  passing  through  the  blast.  A  great  number 
might  only  be  forced  out  of  the  working  face  and  ent-er  the 
ventilating  current,  or  return  later  by  diffusion  to  vitiate  the 
end  again.  The  tests  given  on  page  44 — trying  out  different 
tyix^s  of  wat43r  blasts — might  seem  to  indicate  the  following 
procedure: — The  smaller  blast  ("A")  removed  some  of  the  dust 
contents  by  reason  of  the  atomized  water  it  conveyed  and  some 
by  displacement  due  to  the  introduction  of  .300  cub.  ft.  of  new 
dust-free  air,  after  a  15  minutes'  interval.  Blast  '' B,"  by  the 
introduction  of  1005  cub.  ft.,  removed  more  dust,  which  was 
probably  returned  after  the  lapse  of  5  minutes  by  diffusion,  when 
the  blast  was  not  working  ;  and  blast  ''  C  "  set  free  '2000  cub.  ft. 
of  additional  air,  sufficient  to  fill  a  10  ft.  x  10  ft.  drive,  for  20  ft. 

back   from  the   face,   in   15  minutes.      Alth<jugh   no  dust  count 
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showed  after  the  stoppage  of  the  blast,  dust  gradually  returned, 
until  426  particles  per  cc.  were  indicated  19  minutes  afterwards. 
After  a  further  lapse  of  6  minutes  no  dust  was  present,  which 
seemed  hard  to  reconcile  with  the  previous  readings.     Samples 
taken  at  corresponding  intervals  closer  to  the  exit  from  the  drive 
would  prove  whether  that  deduction  was  warranted,  in  view  of 
the  fact  that  in  vSouth  Africa  it  was  recommended  that  a  series 
of  blasts  should  be  installed  at  intervals  in  drives  and  crosscuts 
exceeding    certain   lengths,   to   minimize    the   quantity  of    dust 
escaping.     Certainly,  if  the  dust  were  blown  out  of  the  develop- 
ment end  and  passed  direct  to  the  upcast,  the  object  was  achieved, 
but  if  it  were  drawn  into  other  working  places  in  transit  any  ill 
effect  would  have  to  be  borne  by  other  workmen.     If  the  drive 
in  question  were  less  than  10  ft.  x  10  ft.  the  introduction  of  the 
same  quantity  of  compressed  air  would  produce  more  pronounced 
effects.     (3)  (a)  Firing  in  Dead-end  Stopes. — Following  the  same 
line  of  reasoning,  the  experiment  outlined  on  page  42 — stope  970, 
section  H — may  be  analyzed.     If  three  high-consumption  water 
blasts  were  used,  of    total  capacity  400  cub.  ft.  per  min.,  they 
would     produce     appreciable   diluting    or    displacing    effect     in 
5  minutes  in  close  proximity  to  the  face,  in  addition  to  that  caused 
by  the  explosion,  and  in  32  minutes,  in  a  stope  60  ft.  wide  by, 
say,  10  ft.  high,  they  could  fill  the  stope  by  replacement    to    a 
distance    of    20  ft.  from  the  face.     These  tests  certainly  did  not 
show  an  increase  of  dust  particles  after  the  cessation  of  the  blast, 
as  in  the  case  of  the  drive,  except  in  one  instance,  at  92  minutes 
after  firing,  and  the    results  achieved  by  5  minutes    of    water- 
blasting  at  the  point  of  sampling  (which,  he  presumed,  was  close 
to  the  face)  corresponded  to  those  attained  in  about  50  minutes 
without  the  use  of  the  blast.     However,  a  duplicate  set  of  samples 
could   be   taken   sinuiltaneously   with   the   ordinary   sample   at   a 
point,  say,  50  ft.  to  KK)  ft.  from  the  face,  to  clear  up  that  point. 
They  know  that  compressed  air,  expanding  rapidly  after  release, 
would  reduce  the  tem|)erature  considerably  in  the  neighbourhood 
of  the  face,  and  tend  to  displace  the  hotter  and  lighter  air  resultin;^ 
from   the   explosion.      (.))   (h)   Firing   in   Ventilated   Stopes.— On 
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page  45  the  effect  produced  vnth  the  two  water  blasts  of  different 
capacities,  working  against  the  ventilating  current,  was  explained 
by  Mr.  Warren  as  being  unsatisfactory,  and,  without  a  knowledge 
of  the  velocities  of  the  air  currents  or  any  corresponding  readings 
taken  in  the  stope  below,  and  again  at  some  point,  say,  lOC)  ft. 
or  more  in  advance,  in  the  gangway  on  the  1100-ft.  level,  it  is 
difficult  to  say  whether  the  small  blast  "  A  "  m  the  first  test  did  not 
give  as  good  results  in  45  minutes  as  w^ere  produced  in  20  minutes 
with  the  larger  blast,  taking  into  account  the  retarding  and 
accelerating  powers  of  the  two  blasts  in  the  respective  tests.  It 
appeared  to  him  that  the  speed  of  the  ventilating  current  in  both 
cases  contributed  largely  to  the  results.  The  high-consumption 
blast  test  (sample  2,  taken  in  the  blast)  would  be  subject  to  the 
diluting  effect  of  the  air  from  the  blast  itself,  and  also  to  that  of 
the  additional  purer  air  that  w^ould  be  drawn  along  the  timbered 
gangway  in  which  the  blast  was  arranged — on  No.  11  level. 
Samples  3,  4,  and  5  were  also  taken  at  a  point  where  both  currents 
would  combine,  and  he  did  not  think  the  test  could  be  called 
conclusive  unless  it  could  be  shown  that  the  blast  was  efficient 
as  an  extracting  agent  for  fine  dust.  His  meaning  was  that  the 
velocity  of  the  current  might  have  been  sufficient  to  sweep  prac- 
tically all  the  dust-laden  air  through  the  water  blast  before  it 
was  stopped.  The  only  way  to  verify  that  would  be  by  taking 
samples  both  in  the  stope  and  in  advance  of  the  water  blast  while 
it  was  in  operation,  due  account  being  taken  of  the  speed  of  the 
air  current  and  its  subsequent  dilution,  so  that  the  same  air 
leaving  the  stope  might  be  sampled  again  on  the  other  side  of  the 
water  blast  some  minutes  later,  and  the  extraction  noted.  He 
noted  that  in  South  Africa  blasts  were  only  compulsory  in 
development  ends  or  in  stopes  that  were  stagnant  or  badly 
ventilated.  He  would  consider  the  ust^  of  blasts  of  extreme 
utility  if  it  could  be  shown  definitely  that  the  dust  was  not  simply 
swept  away  by  the  ventilating  current  through  the  blast,  with 
only  portion  of  the  dust  allayed,  into  other  parts  of  the  mine. 
The  increased  humidity  imparted  to  the  air  would  l^e  considerable 
with    a    numl)er   of   high-consumption    blasts   operating   in   every 
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slope,  and  they  would  place  a  high  peak  lode  on  compressors. 
At  present,  in  Broken  Hill,  the  air  passing  through  the  working 
places  approached  the  saturated  state,  and,  in  an  endeavour  to 
obtain  complete  elimination  of  the  dust,  they  might  reach  a  stage 
where  the  temperature  and  humidity  would  affect  them  more 
adversely  than  at  present  unless  they  were  able  to  miantain  an 
abundance  of  ventilating  current  to  combat  its  effect.  (4) 
Efficiency  of  Konimeter. — With  regard  to  tlie  konimeter  as  an 
effective  dust  sampler,  South  African  practice  seemed  to  have 
decided  against  that  instrument  as  a  reliable  indicator  of  true 
dust  in  air,  and  there  they  now  place  more  reliance  in  the  gravi- 
metric method.  The  two  chief  reasons  seemed  to  be  diversity 
in  counts  of  the  same  samples  by  different  experts  and  the 
difficulty  in  obtaining  a  full  count  in  one  operation  with  the 
apparatus.  Another  reason  was  mentioned  previously  with 
regard  to  water-feed  drills,  where  water-vapour  marks  might  be 
taken  as  dust  particles.  That  error,  however,  would  be  on  the 
safe  side  by  tending  to  a  higher  coimt.  The  question  of  coimting 
in  regard  to  Mr.  AVarren's  tests  might  not  matter,  as  the  counts 
probably  would  all  be  done  by  the  same  man,  and  would  be 
comparative.  AVith  similar  tests  on  different  mines  discordant 
results  might  occur.  In  conclusion,  he  trusted  that  Mr.  AVarren 
would  not  feel  that  he  (Mr.  Whiteman)  had  set  himself  out  pur- 
posely to  pick  loopholes  in  the  paper.  He  had  only  raised  a  few 
points  that  were  doubtful  to  his  mind,  and  which  discussion  might 
have  the  effect  of  clearmg  up.  Mr.  AVarren  and  his  associates 
in  his  work  on  the  South  mine  were  to  be  congratulated  on  the 
ver\^  excellent  paper,  which  was  the  embodiment  of  an  enormous 
amount  of  detailed  experimental  work. 

Mr.  H.  H.  C.arroll  said  most  of  the  experiments  referred  to 
in  Mr.  A\'arren's  paper  were  conducted  on  the  South  mine,  and  for 
that  reasfm  he  preferred  not  to  discuss  the  mechanical  means  of 
dust -allaying,  but  would  like  tcj  make  a  few  brief  references  to  the 
methods  employed  in  dust-sampling.  Although  particles  5  microns 
and  imder  were  considered  as  dangerous,  it  had  been  the  exception 
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to  fip.d  ill  the  lungs  of  deceased  persons  particles  averaging  more 
than  1..J  microns,  and  it  was  with  the  sampling  of  air  containing 
these  small  particles  that  they  were  most  concerned.  Mr. 
Warren's  paper  showed  the  results  of  sampling,  using  the  koni- 
meter  method.  Although  that  method  was  not  altogether  satis- 
factory, they  were  of  the  opinion  that  it  did  give  a  very  fair 
indication  of  the  quality  of  the  air  in  so  far  as  the  observer  could 
readily  distinguish  the  particles  under  and  over  5  microns  in 
diameter.  That  division  might  be  satisfactory,  but  it  made  no 
distinction  between  the  effect  on  the  lungs  of  particles  1  micron 
in  diameter  and  particles  5  microns  in  diameter,  although  the 
latter  weigh  125  times  as  much  as  the  former.  For  a  similar  reason 
the  gi'avimetric  method  could  not  be  considered  as  absolutely 
accurate,  because  a  sample  containing  particles  4  microns  in 
diameter  might  show  a  low  count  and  yet  weigh  many  times 
as  much  as  a  sample  containing  particles  only  1  micron  in 
diameter,  and  by  count  showing  a  much  greater  quantity  of 
injurious  dust.  It  would  seem  that  the  best  results  were  obtained 
if  the  two  methods  were  used  in  conjunction,  but  either  gave  an 
indication  of  the  quantity  of  dust  in  the  air,  and  that  was  really 
the  main  question.  Since  writing  his  paper  Mr.  Warren  had 
an  opportimity  of  collecting  samples  by  both  methods,  and  he 
was.  no  doubt,  prepared  to  submit  some  of  the  results.  It  would 
be  interesting  to  hear  medical  opinion  as  to  whether  the  degree 
of  silicosis  produced  depended  in  any  way  on  the  mass  of  the 
particle  inhaled.  That  was  rather  an  important  point,  because 
they  found  that,  as  a  rule,  internal  water-fed  machines  produced 
much  finer  dust  than  reciprocating  machines.  For  the  purpose 
of  comparison,  the  konimetric  results  had  been  compared  with 
the  arbitrary  standard  adopted  by  the  South  African  Committee. 
AViiilst  it  might  be  advisable  to  maintain  that  standard,  it  was 
hardly  a  fair  comparison,  because  of  the  different  nature  of  the 
dust  produced  in  Broken  Hill  and  in  South  Africa.  In  the  first 
place,  the  specific  gravity  of  the  material  mined  was  approximately 
1.5  ^)  2  times  that  of  the  South  African  material  ;  and  secondly, 
the    insoluble    content — i.e.,    silica     and    silicates — would     varv 
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considerably.  The  insoluble  content  of  a  number  of  samples 
obtained  in  Broken  Hill  showed,  on  the  average,  40  %  insol., 
whereas,  with  samples  obtained  in  South  Africa,  it  would  be  safe 
to  assume  an  80  %  insol.  content.  Owing  to  the  varying  con- 
ditions met  with  underground,  counts  obtained  from  any  par- 
ticular operation  showed  a  considerable  difference,  even  if  taken 
at  short  intervals  of  time.  Some  of  the  conditions  affecting  the 
counts  were  : — 

(1)  The    exhaust   from     machine    drills     would    cause     eddy 

currents,  and  the  counts  would  vary  according  to  the 
position  of  the  instrument. 

(2)  Rate  of  drilling  and  character  of  rock  drilled.     Hard  rock 

will,  as  a  rule,  produce  more  dust  particles  than  soft  rock. 

(3)  Quantity  of  air  circulating.     The  larger  the  volume  the 

more  the  dust  was  diluted. 

(4)  Humidity  of  the  air.     The  low  counts  obtained  in  return 

airways  was  probably  due   to   the  precipitation  of  the 

dust  by  the  saturated  air. 
It  was  fairly  obvious,  however,  from  the  figures  submitted,  that 
it  was  necessary  to  keep  all  working  places  damp.  That  w^as, 
perhaps,  a  disadvantage,  in  that  the  air  in  the  mine  would  become 
saturated,  but,  provided  the  temperature  of  the  air  was  not 
excessive,  that  did  not  appear  to  be  a  disadvantage.  H.  J. 
Ireland,  in  a  recent  paper  on  the  Kata  thermometer,  published 
in  the  Journal  of  the  Chemical,  Metallurgical,  and  Mining  Society 
of  South  Africa,  stated  : — "  It  is  possible  to  keep  a  man  reason- 
ably cool  and  comfortable  working  in  an  atmosphere  of  8')°  F. 
wet  and  80°  dry,  dew  point  84.4°,  provided  the  movement  of  the 
air  current  is  380  ft.  per  min."  It  was  not  suggested  that  that 
was  an  economical  speed  for  an  air  current,  but  was  intended  to 
point  out  that  the  degree  of  humidity  permissible  was  governed 
a  great  deal  by  the  speed  of  the  air  current. 

Mr.  T.  G.  Hanton  thanked  Mr.  Warren  for  affording  an  oppor- 
tunity for  the  discussion  of  the  whole  question  of  dust-allaviug. 
That  subject  was  of  much  concern  to  those  engaged  in  the  mining 
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industry  at  Broken  Hill,  and  it  was  of  great  moment  to  those 
charged  with  the  administration  of  imdergroimd  operations.  It 
was  unanimously  agreed  that  the  process  of  underground  ex- 
ploitation was  conducive,  in  some  of  the  stages,  to  the  production 
of  dust  in  varying  quantities.  The  effect  of  that  dust  upon  the 
health  of  men  exposed  to  it  over  considerable  periods  apparently 
depended  upon  the  composition  (and,  accordingly,  the  physical 
characteristics)  of  the  dust  particles.  Professor  Collis.  he 
believed,  had  recently  stated  that,  whilst  coal-dust  was  regarded 
as  quite  innocuous,  that  from  a  mixture  of  ganister  and  fire-clay 
was  e(|ually  so,  whereas  the  dust  from  a  mixture  of  ganister  and 
limestone  may  be  regarded  as  deadly.  He  understood  that  Mr. 
Warren,  in  his  contribution,  assumed  that  a  standard  of  dust- 
prevention  was  desirable  locally,  equally  as  high  as  had  l>een 
considered  necessary  in  the  phthisis  mines  of  South  Africa.  His 
comment  on  the  various  proposals  put  forward  by  Mr.  AVarren 
were  based  on  that  assumption,  and  any  criticism  offered  or 
alternative  methods  suggested  were  not  made  with  any  disregard 
to  the  possibly  deleterious  effects  of  local  dust.  Any  considera- 
tion of  its  degree  of  injuriousness  fell  outside  the  scope  of  the 
paper.  A  maximum  of  5  microns  was  generally  accepted  as  the 
dangerous  limit  of  size  of  dust  particles.  It  n^ip^ht  be  interesting 
to  note  that  quartzite  particles  under  1(MJ  microns  were  invisible 
to  the  naked  eve.  Rep^arding  the  sampling  and  estimation  of  dust, 
he  noticed  that  Mr.  Warren's  results  were  based  on  samples  t^iken 
by  the  Kotze  konimeter.  Personally,  he  had  for  some  time 
regarded  that  instrument  with  suspicion,  encouraged  only  by  the 
minority  report  of  the  South  African  Commission,  J  IMS.  Hnv- 
ev«  r,  he  had  recently  noticed,  in  the  report  of  the  South  African 
('haml>er  of  Mines  (Standing  Committee  on  Dust  Sam}>ling), 
evidence  on  the  term  of  reference,  '*  The  steps  taken  for  the  pre- 
vention of  the  disease  and  whether  anv  im])rovements  are  possible 
in  that  direction,"  Noven»i)er,  P.i20,  a  general  ccnulemnation  of 
the  Kotze  konimeter  and  its  various  modifications,  except  for 
qualitative*  purpos<*s.  Tliose  views  were  opposed  bv  the  Grovern- 
ment     Mining     Engineer,    Sir    Robert    Kotze,    but,    nevertheless, 
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seemed  fairly  convincing.  They  concluded  by  stating  : — "  The 
koniineter  sample  is  small,  instantaneous,  and  local ;  it  is  difficult 
to  be  sure  that  one  is  counting  dangerous  dust,  and  the  personal 
factor  in  the  counting  renders  results  of  doubtful  value."  They 
advr^cated  the  use  of  the  gravimetric  method,  combined  with  the 
konimetric.  as  affording  an  indication  of  the  noxiousness  or 
otherwise  of  the  place  where  the  sample  was  taken.  He  would 
like  to  quote  in  full,  however,  one  of  their  remarks  concerning  the 
konimeter  : — "It  has  been  noticed  for  some  time  that  when 
konimeter  samples  are  taken  in  places  where  water-fed  machines 
are  creating  a  fog,  extremely  high  dust  counts  were  obtained  ; 
further,  in  examining  some  shafts  where  sinking  was  in  progress 
and  where  a  constant  stream  of  water  was  falling  down  the  shaft, 
it  was  found  that,  while  the  gravimetric  samples  would  vary 
con.siderablv,  yet  the  konimeter  samples  showed  practically 
uniform  results — e.g.,  gravimetric  average,  0.2  mgms.,  count 
24(34  part.  ;  23.8  mgms.,  count  2387  part."  Experiment  showed 
that  water  vapour  produced  markings  on  the  slide  similar  to  the 
small  spots  caused  by  dust  particles,  and  led  to  the  conclusion 
"  That  when  a  konimeter  sample  is  taken  in  a  mine  where  there 
is  a  large  amount  of  water  vapour,  the  water  vapour  is  drawn 
into  the  konimeter  with  a  high  velocity,  and  pits  the  vaseline. 
Tliese  small  spots  appear  under  the  microscope  as  if  they  were 
particles  of  dust,  and  if  real  particles  of  dust  are  mixed  with  them 
it  is  impossible  to  discriminate  between  the  real  and  the  unreal. 
This  is  probably  the  explanation  of  some  of  the  high  results 
obtained  by  the  konimeter."  He  would  like  to  ask  Mr.  Warren 
whether  that  factor  would,  in  his  opinion,  have  any  bearing  on 
thf'  apparently  somewhat  more  favourable  konimeter  counts 
obtained  with  the  Clifton  apparatus  as  compared  with  axial  water- 
fed  machines.  The  committee  also  stated,  when  considering  the 
question  of  Leyner  diills  and  the  dust  counts  obtained  fiom  them 
bv  both  methods:— "In  tlic  li^rl,t  of  the  above  results"  (vide 
repr>rt)  "  it  seems  that  the  suggestion  to  al)oli.sli  the  Leyner  drill 
is  a  thoroughly  reactionary  step,  seeing  that  it  makes  no  more 
dust  than  anv  other  drill,  and  is  a  mudi  (piirker  luacliine."     He 
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asked  the  indulgence  of  members  for  having  quoted  so  extensively 
from  this  1920  South  African  report,  but  he  thought  the  fullest 
possible  discussion  of  the  subject  was  desirable.  Further,  he 
thought  that  the  facts  disclosed  should  be  something  in  the  nature 
of  a  warning  to  local  mining  engineers.  The  konimeter  was 
developed  in  South  Africa,  used  as  a  standard  in  1917  and  1918, 
and  now,  in  the  light  of  further  experience,  the  committee  in  1920 
was  recommending,  in  effect,  that  it  be  discarded  for  quantitative 
work.  From  the  same  source  came  an  early  recommendation  for 
the  abolition  of  the  Leyner  drill.  These  machines  were  now  in 
greater  favour  than  other  types.  It  appeared  to  him  exceedingly 
probable  that  a  similar  reaction  would  occur  with  respect  to  the 
earlier  South  African  recommendations  in  other  respects — e.g., 
water  blasts  and  the  indiscriminate  use  of  water  underground. 
Therefore,  he  thought  Broken  Hill  mining  men  should  be  rather 
chary  in  the  matter  of  adopting  any  of  those  recommendations 
without  a  very  full  consideration  of  the  effect  upon  local  con- 
ditions, and  should  rather  evolve  their  o\sii  methods  to  meet  their 
particular  requirements.  Before  considering  Mr.  Warren's 
remarks  on  the  subject  of  water  blasts,  he  would  like  to  say  some- 
thing on  the  matter  of  the  Clifton  dust  collector  for  rising  and 
popping.  He,  like  Mr.  Warren,  was  at  one  time  rather  a  warm 
admirer  of  this  apparatus.  However,  early  in  this  year  he 
assisted  in  testing  it  under  actual  rising  conditions,  holing  through 
a  rise  on  the  Zinc  Corporation  Ltd.  The  rise  was  6  ft.  x  4  ft. 
vertical,  and  started  from  the  back  of  an  open  stope.  Starting 
with  the  best  intentions  to  use  the  apparatus  right  through,  they 
discarded  it  l^efore  the  second  cut  was  bored  out,  and  reverted 
to  tlie  use  of  the  outside  water  jet.  The  outfit  used  by  them  had 
all  the  latest  modifications — sponges,  movable  bottom,  and 
adjustable  stand,  as  illustrated  in  Mr.  Warren's  paper.  The  rise 
madiine  used  was  an  Ingersoll  CC  11.  The  following  were  the 
points  which,  in  his  opinion,  would  count  very  much  against  the 
us*»  of  tlie  apparatus  for  rising: — (I)  The  back  was  generally 
nuMv  or  less  uneven  ;  ev^en  with  the  sponges  it  was  ditticult  to 
secure  a  dust-proof  joint.     About  UJ  holes  were  required  to  bore 
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out  the  rise  ;  so,  even  with  the  best  of  luck,  a  bad  irregularity  was 
bound  to  be  encountered  by  some  of  the  holes.     AVithout  a  good 
joint  the  quantity  of  dust  escaping  over  the  top  of  the  sponges 
was  extremely  heavy.     (2)  For  side  and  corner  holes  it  was  found 
impossible  to  start  a  hole  as  close  to  the  side  or  corner  as  desired, 
on  account  of  the  space  taken  up  by  the  apparatus.     That  defect 
became  apparent  at  once  when  the  rise  advanced  above  the  back 
of  the  open  stope.     (3)  Under  the  best  of  conditions  it  was  difficult 
to  collar  a  hole  exactly  where  desired,  and,  unless  a  vertical  hole, 
to  pitch  it  in  the  required  direction.     In  any  inclined  holes  it  was 
found  that   the   drill  pressed   slightly  against  the   bottom   plate, 
and  the  general  tendency  was  for  the  hole  to  straighten  up.     It 
would  obviously  be  most  unsuitable  to  use  a  separate  outside  water 
jet  for  collaring  purposes,  as  the  already  considerable  amount  of 
gear  would  be  added  to,  and  the  operators  would  likewise  be  well 
wetted.     (4)  The  space  in  a  rise  was  generally  confined  ;  elaborate 
staging  at  the  top  was  not  usually  necessary — merely  sufficient 
to  form  a  footing  for  the  operator,  the  machine,  and  the  sharp 
steel.     To  provide  support  for  the  Clifton  stand  a  much    better 
arrangement   of    staging    was   required.     The   time    occupied    in 
rigging    the    Clifton    so    that    it   would    not    interfere    with  the 
rotation   of    the    machine    handle    was    considerable.      (5)     The 
various  iron  parts  on  the  stand,  screw  thread,  &c.,  required  very 
frequent  oiling  to   prevent  them   rusting  tight.     That  could,   of 
course,  be  obviated  at  increased  expense  by  brass  parts.     (6)  Even 
under   sympathetic   treatment   the   wear  on   some   of    the   parts, 
notablv   the   sponges  and   the   rubber  sleeve   through   which   the 
drill   passed,   was  fairly   rapid.     The   actual  cost  of   replacement 
was  trifling,  but,  once  they  were  out  of  order,  the  apparatus  lost 
all  the  virtues  claimed  for  it  on  the  score  of  dryness  and  freedom 
from  dust.     Unless  supervision  were  very  good,  the  miner  would 
probably  continue   using  the   apparatus,   although   not  in  order, 
rather  than  walk  down  his  rise  and  lose  time  in  getting  a  new, 
part.     (7)  In  changing  drills  the  operator  was  very  fortunate  if 
he  kept  dry.      A  certain  amount  of    water  was  held   uj)  in   the 
dish.     When  the  operator  reached  up  and  undamped  the  bottom 
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plate  the  accumulated  water  ran  down  his  extended  arm,  and 
probably  finished  in  his  boots.  (8)  The  water  played  only  round 
the  collar  of  the  hole,  and  did  not  extend  into  the  hole.  Drills 
were  therefore  liable  to  stick,  especially  in  good  boring  material, 
and  might  thus  cause  the  abandonment  of  the  hole.  Also,  the 
drill  became  very  hot,  and  thus  more  rapidly  lost  its  cutting  edge. 
(9)  In  an  inclined  rise,  he  should  imagine  that  the  difficulties  of 
riggiufj  the  apparatus,  collaring  and  pitching  holes,  would  be 
considerably  enhanced.  He  would  like  to  ask  Mr.  Warren 
whether  the  apparatus  had  yet  been  used  in  actual  rising  work 
on  the  South  mine.  Regarding  the  Clifton  popper,  it  appeared 
an  excellent  contrivance,  with  only  the  slight  disadvantages  that 
the  popper  man  could  not  see  where  he  was  collaring,  and  could 
not  steady  the  drill  with  his  foot  when  collaring.  On  the  Zinc 
Corporation,  in  November,  1920,  they  introduced  a  very  simple 
form  of  apparatus  for  popping.  Considerable  difficulty  was 
experienced  in  enforcing  their  use,  partly  due,  doubtless,  to  the 
idea  that  it  rendered  popping  a  one-man  operation,  as  Mr.  AVarren 
properly  contended  it  was.  When  used,  the  treatment  meted 
out  to  them  was  certainly  pretty  harsh.  He  would  like  to  ask 
Mr.  Warren  whether  any  difficulty  had  been  experienced  in 
respect  of  popping  with  the  Clifton  being  a  one-man  operation. 
The  popping  apparatus,  as  illustrated  by  Mr.  Warren,  was,  he 
fancied,  only  suitable  for  machines  such  as  the  Waugh  22P,  using 
steel  without  a  shank.  On  the  Zinc  Corporation  these  machines 
had  l>een  discarded  for  popping  in  favour  of  the  slightly  heavier 
and  fast<?r  boring  "  jackhamer  "  t^'pe,  and  so  the  apparatus  he 
illustrated  would  not  meet  their  requirements,  as  the  steel  was 
all  shanked.  As  their  preference  was  for  the  "jackhamer"  rather 
than  a  non-rotating  popper,  so  their  tendency,  in  eliminating  the 
outside  water  jet,  might  be  more  on  the  'ines  of  the  introduction 
of  axial  wat^r-fed  machines  for  popping  work.  From  a  dust- 
allaying  point  of  view  their  konimeter  counts  showed  them  to  be 
effertive,  and  they  were  certainly  a  one-man  machine.  Tlu're 
were,  however,  certain  difficulties  to  be  overcome  with  them,  and 
they  had  not  yet  tried  them  on  that  work.     He  merely  mentioned 


60  p.  H.  WARREN 

that  development  to  show  tliat  an  arrangement  which  miglit  quite 
well  meet  the  requirements  of  one  mine  was  quite  unsuitable  for 
those  of  another.  He  noticed  that  Mr.  Warren,  on  page  41, 
referring  to  rise  machines,  mentioned  axial  water-feed  drills  of  the 
Ingersoll  Leyner  type.  Did  he  mean  the  type  18a.  or  the  later 
148  and  248,  or  a  telescopic  machine  with  axial  water  feed  ?  It 
was  generally  agreed  that  blasting  operations  caused  the  bulk 
of  underground  dust.  Opinion  varied  as  to  whether  it  was 
desirable  and  possible  to  allay  that  dust  by  the  application  of 
water  actually  at  the  point  of  production.  It  appeared  certain, 
however,  that,  except  in  particularly  favourable  instances,  dust 
could  not  thus  be  effectively  dealt  with,  and  that,  unless  ventila- 
tion was  effective,  the  desired  result  could  not  be  attained.  From 
actual  experience  of  water  blasts  in  stopes,  and  more  particularly 
the  wider  stopes,  they  arrived  at  the  conclusion  that  the  only 
means  to  allav  the  blasting  dust  was  to  catch  it  at  its  outlet  from 
the  stope  in  every  case  where  it  would  traverse  any  other  working 
places  before  reaching  the  main  upcast.  Allaying  in  the  stope 
itself  appeared  quite  impracticable,  and  it  was  decided  that  the 
use  of  any  water  blasts  in  the  stopes  themselves  was  useless. 
The  proposal,  therefore,  was  by  means  of  an  effective  ventilating 
current  to  sweep  the  dust-laden  stope  air  direct  into  the  main 
upcast  wherever  possible,  and,  where  that  could  not  be  done,  to 
remove  the  dust  as  it  emerged  from  the  stope  at  certain  selected 
outlets.  He  referred  Mr.  AVarren  to  the  latest  South  African  report 
for  support  in  the  contention  that  dust  could  not  be  effectively 
laid  in  stopes  bv  the  application  of  water  in  the  stope  itself.  Mr. 
Wairen  apparently  realized  that  fact  so  well  that  he  (the  speaker) 
was  rather  at  a  loss  to  understand  why  Mr.  Warren  should 
propose,  as  he  said,  ''  to  place  at  least  one  blast  in  the  stope 
itself."  If  it  were  not  going  to  be  effective,  why  undertake  the 
cost  of  the  installation  ?  Permanently  connected  blasts,  pointed 
in  the  right  direction,  could  be  fixed  at  all  possible  outlets,  and 
these  could  l>e  turned  on  and  off  as  a  matter  of  routine  by  any 
of  the  present  staff.  In  the  case  of  a  water  blast  in  the  stope 
itself,   it  must  keep  moving  all  the  time  as  stoping  progressed. 
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It   must   therefore   be    a   flexible   arrangement,   and    meant   hose 

connections,   in    all   probability.     It   appeared   to   him   that    the 

arrangement  and  maintenance  of  those  would  entail  a  considerable 

addition   to   the   pipe-fitting  gang.      He   would    like   to   ask   Mr. 

AVarren,  AVould  he  propose  that  the  miners  should  be  responsible 

for    arranging  and  using    those  blasts  before  firing,  or    did    he 

advocate   separate   dust  officials  for  such   a   purpose  ?     Usually, 

too,  popping  operations  were  being  carried  on  at  some  distance 

l>ehind  the  stope  face.     Did  he  propose  a  water  blast  in  the  stope 

to  try  and  allay  the  dust  from  pop-firing  ?     Granting  that  the 

stope  blast  were  effective,  would  not  the  dust  be  stirred  up  again 

in  the  stope  by  the  ventilating  current  ?     He  was  in  complete 

accord  with  Mr.   Warren   regarding  development  places  and   all 

dead-end  stopes.     These  were  all  cases  in  which  a  water  blast 

might  be  effectively  used,  and  some  benefit  derived  from  their 

installation.     He  did  not,  however,  think  that  Mr.  AVarren  had 

sufHcientlv   stressed   the   disadvantage   he    mentioned   concerning 

water  blasts — i.e.,  the  rapid  humidification  of  the  air  due  to  their 

use   in   large   number.     That   would   appear   to   provide   another 

argument  against  Mr.   Warren's  proposal  for  the   use  of    water 

blasts  in  stopes.     The  effect  of  moisture   in  air  on  underground 

working   conditions    was    most    important.      The    South    African 

Commission,    November,    1920,    stated: — "'In   very   deep   mines, 

where  high  temj>eratures,  combined  with  saturated  air,  are  likely 

to  become  a  menace  to  health,  it  may  }k>  advisable  to  control  the 

addition  to  moisture  in  order  that  advantage  may  be  taken  of 

this  evaporation  to  produce  local  cooling  effects."     Dr.  Leonard 

Hill,  contributing  to  the  discussion  on  a  paper  read  by  Mr.  E.  H. 

Clifford  l>efore  the  Institution  of  Mining  and  Metallurgy  (Bulletin 

No.  199,  April,  1921),  on  "  A  Scheme  for  Working  the  City  Deeps 

Mine  at  a  Depth  c)f  7(MM)  Feet,"  stated: — "The  wijid  was  the 

most  potent  factor  in  cooling  us  ;  the  wet  Kata  showed  the  influence 

of  wind  and  humidity  ";  and  later  again  referred  to  the  importance 

of  moving  air  and  the  possibility  of  keeping  cool  by  sweating  as 

long  as  the  air  was  dry  and  moving.     In  a  report  presented  to  the 

Institution    of     Mining    Engineers,    April,    1920,    the   committee 
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appointed  to  consider  the  working  of  deep  mines  in  England 
stated,  amongst  their  conchisions  : — "  The  hindering  effects  on 
men  of  heat  in  deep  mines  depend,  not  on  the  temperature  of  the 
air,  but  on  the  wet  bulb  temperature  and  the  degree  of  stagnation 
of  the  air."  A  little  earlier  they  stated  : — "  Thus  the  problem 
of  underground  temperature  control  seems  to  resolve  itself  into 
that  of  adequate  ventilation  planned  with  a  clear  conception  of 
what  is  required  in  order  to  prevent  loss  of  the  miner's  working 
capacity,  and  not  merely  to  obviate  trouble  from  fire-damp  or 
vitiation  of  the  air  by  other  gases."  To  such  an  extent  was  that 
committee  prepared  to  go  in  the  effort  to  keep  the  wet-bulb 
temperature  from  rising,  with  a  corresponding  disadvantage  to 
working  capacity,  that  they  recommended  stone  dusting  rather 
than  watering  for  dealing  with  coal  dust,  thus  keeping  the  air  dr}^ 
as  long  as  possible  and  obtaining  the  maximum  benefit  from  the 
cooling  due  to  evaporation  of  moisture  from  the  working  faces. 
That  might  be  regarded  as  a  digression  from  the  subject  of  Mr. 
Warren's  paper,  but  there  was  no  doubt  that  the  extensive  use  of 
water  blasts  was  going  to  make  for  saturated  air  in  the  workings. 
Thus,  unless  very  careful  consideration  was  given,  in  addition  to 
the  financial  burden  imposed  upon  the  industry  by  their  intro- 
duction, the  use  of  numerous  water  blasts  underground  apparently 
might  adversely  affect  other  factors  regulating  underground 
conditions.  Very  much  could  be  said  on  the  subject,  and  he 
trusted  there  would  be  a  full  discussion  on  it.  Regarding  the 
type  of  water  blast  suitable  for  underground  use,  he  fancied  that 
almost  ever\'  local  mine  could  produce  several  types,  each  different 
from  those  of  the  other  mines.  Referring  again  to  the  November, 
li)20,  South  African  report,  perhaps  ad  nauseam,  it  stated  :  — 
'*  Doubts  have  recently  arisen  as  to  the  advisability  of  using 
certain  types  of  atomizers.  Some  of  them  seem  to  be  too  efficient 
in  breaking  up  the  water  into  minute  drops.  The  question  is 
being  investigated."  With  regard  to  the  air  consumption  of 
the  various  types  of  blasts,  it  appeared  to  be  a  matter  of  whether 
the  extra  power  required  for  the  higher  consumption  blasts  was 
justified  by  increased  dust-allaying  efficiency.     He  considered  that 
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the  increased  fuel  cost  would  be  considerable,  but  that  was  a 
matter  more  for  the  engineers  to  give  a  ruling  upon.  With  com- 
pressed air  at  ()d.  per  1000  cub.  ft.  of  free  air,  the  *'  ('  "  type  of 
atomizer  described  by  Mr.  Warren  would  cost  4s.  per  hour  each 
to  run.  He  would  like  to  hear  some  further  discussion  on  that 
point.  He  thought  that  just  about  concluded  his  remarks  for 
the  present.  None  of  his  comments  had  been  made  in  an  attempt 
at  destructive  criticism  merely.  Every  local  mine  was  at  present 
facing  those  problems,  and  an  interchange  of  ideas  could  not  fail 
to  be  mutually  beneficial. 

Mr.  F.  Voss  Smith  said  he  intended  to  comment  upon  the 
proposed  introduction  of  water  blasts,  but  the  other  speakers  had 
pretty  well  covered  the  ground.  He  noticed  that  Mr.  Warren 
used  three  blasts  in  one  of  the  stopes  to  get  results.  Multiply  the 
rock-drills  by  three,  and  the  air  consumption  was  going  to  be 
more  than  the  compressor  capacity.  The  idea  of  using  one  blast 
in  a  wide  stope  with  a  very  big  displacement  of  air  when  the  holes 
were  fired  appeared  to  be  absolutely  hopeless. 

Mr.  Warren,  in  reply,  said  that  he  agreed  with  Mr.  Smith  and 
the  other  speakers  that  one  water  blast  in  a  large  stope  had  not 
much  hope  of  allaying  dust  in  that  stope,  but  a  big  blast,  such  as 
t^-pe  "  C,"  had  some  hope  of  doing  it,  provided  care  and  attention 
were  directed  in  its  arrangement.  He  said  that  if  the  l)last  were 
placed  parallel  to  the  face  of  the  stope  it  would  have  to  be  a 
pretty  wide  stope  that  it  would  not  cover.  One  of  the  chief  uses, 
he  thought,  for  water  blasts  in  stopes  was  not  so  much  for  laying 
dust  after  explosions,  but  for  turning  on  occasionally  to  keep  the 
accidental  dust  in  check.  He  said  the  blasts  should  be  also 
arranged  at  the  exits  or  outlets  from  a  stope. 

Mr.  Smith,  continuing,  said  in  placing  the  blast  so  that  it  would 
deliver  parallel  to  the  face  it  would  be  a  comparatively  narmw 
curtain,  and  a  big  volume  of  air  going  through  that  curtain  would 
not  have  the  best  opportunity  of  doing  its  work.  It  seemed  to 
him  that  in  using  the  blasts  constantly  the  amount  of  water  pro- 
duced must  become  a  nuisance. 
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Mr.  Warren  said  that  it  was  rather  a  big  subject,  and  he 
expected  to  have  an  opportunity  of  replying  later. 

3Ir.  Smith  remarked  that,  in  connection  with  the  Clifton 
apparatus,  he  would  like  to  ask  whether  the  choking  of  the  small 
holes  had  been  frequent  or  not.  It  had  always  struck  him  that 
there  was  no  provision  for  cleaning. 

Mr.  AVarrex  said  that  the  hole  was  not  very  large,  but  it 
would  be  examined  everv  time  the  steels  were  chansred. 

Mr.  Smith  asked  how  they  could  be  freed  if  choked. 

Mr.  AVarren  replied  that  no  bother  at  all  had  been  experienced 
on  that  account. 

Mr.  E.  K.  Hall  said  he  had  to  congratulate  Mr.  Warren  on  the 
paper  he  had  presented,  which  expressed  very  clearly  the  results 
of  a  lot  of  work  done  by  him  and  others  concerned  with  it  also. 
He  did  not  agree  with  everything  in  the  paper.  As  to  dust- 
allaying  by  water  blasts  :  In  the  development  faces  he  thought 
that  Mr.  Warren  had  quite  proved  his  case,  because  there  was  not 
the  slightest  doubt  that  in  the  future  it  would  be  considered  a 
necessity.  With  water  blasts  in  the  stopes,  however,  he  could 
not  agree.  Of  course,  they  had  on  all  the  mines  tremendous  stope 
rooms,  and  the  concussion  of  the  firing  immediately  sent  a  wave 
right  through  that  air,  which  in  the  ordinary  way  was  fairly 
stagnant,  and  the  dust  all  over  the  place  was  beyond  the  power 
of  any  water  blast.  One  or  two  had  suggested  the  use  of  the 
water  blast  at  the  outlet  of  a  stope.  That  would  be  effective  to 
a  certain  degree,  and  would  prevent  fine  dust  from  getting  away 
into  other  workings  ;  but,  from  his  experience,  one  of  the  most 
difficult  things  had  been  to  prevent  the  air  being  saturated,  and 
there  was  no  doubt  that  the  workers'  efficiency  depreciated] 
enormously  in  saturated  air,  as  Dr.  Chapman  had  shown  them,! 
especially  if  the  air  current  was  not  very  rapid.  They  must 
remember  that  South  African  experience  had  shown  water  blasts 
to  be  quite  ineffective  in  large  stope  places.  Broken  Hill  ventila- 
tion in  big  stopes  was  not  ade([uate  ;  it  was  very  difficult  to  get 
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direct  air  ciirient  through  them.  They  should  follow  the  coal 
mines  procedure  regarding  currents  more  than  they  did.  Auxiliary 
fans  were  also  going  to  help  for  local  districts.  They  should  be 
able  to  use  the  hour  between  shifts  for  improving  ventilation.  If 
they  could  get  a  decent  current  through  the  stopes,  surely  they 
could  get  the  fine  du^t  out  of  the  mine  between  the  day  and  the 
afternoon  shifts  in  that  hour.  Of  course,  there  was  ample  time 
after  the  afternoon  shift,  on  account  of  the  reduction  in  shifts. 
The  odd  stope  holes  had  to  be  fired  at  the  end  of  the  shift.  That 
was  worthy  of  investigation.  He  asked  if  the  dust  were  caused 
by  the  firing  of  a  pop  ?  or  in  other  words,  was  the 
amount  of  ultra-fine  dust  anything  like  so  much  as  the 
same  dust  fired  from  a  development  cut  ?  He  did  not  think 
so,  because  the  development  cut  had  a  tremendous  power, 
and  acted  more  as  a  wedcje.  He  thouorht  thev  should 
discard  efforts  to  make  the  water  blast  effective  in  the  big  stopes 
in  favour  of  the  ventilation  problem.  They  would  then  have  a 
liope  of  keeping  the  mine  air  well  under  the  saturation  point, 
and   that  would   mean   more  etficiencv  amongst   the   men. 


Mr.  C.  H.  J.  Clayton  also  congratulated  Mr.  Warren  upon  the 
delivery  of  his  paper  on  '*  Mechanical  Methods  of  Allaying  Dust  " 
— a  subject  which  was  of  so  nuich  immediate  interest  at  the 
present  time,  not  only  in  Broken  Hill,  but  in  South  Africa,  Great 
Britain,  and  all  mining  centres  where  any  depth  had  l>een  reached. 
In  the  results  from  firing  obtained  under  working  conditions  prior 
to  May,  H>n»,  no  velocities  of  air  current  were  given  in  the  stO|)es, 
which  might  l)e  dead-end,  similar  in  conditions  to  those  of  a 
drive.  A  silica  particle  of  3  microns  fell  7  ft.  through  still  air 
in  3."5  miimtes  ;  of  4  microns,  in  P.»  minutes.  It  was  difficult  to  count 
dust  under  .'i  microns,  and  it  would  a])pear  that  the  stoj)es  were 
not  truly  representative  of  Broken  Hill  with  a  through  air  current. 
Also,  in  the  saniples  quoted.  Xo.  1  showed  772  particles  per  cc, 
whilst  Xo.  2  showed  *i(KM)  odd  taken  when  tli«'  men  returned, 
which,  he  presumed,  was  al)out  'M)  minutes  after.  Xos.  '.\  and  \ 
were  similar  to  Xn.  2.     He  asked  whether  the  great^^r  numlnM-  of 
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particles  in  No.  2  was  due  to  the  stirring  up  of  dust  which  had 
already  settled.  The  following  experiment  would  demonstrate 
that  dust  was  stirred  up  : — If  a  sample  for  dust  were  taken  in  a 
dead-end  crosscut  where  water  blasts  had  been  previously  used, 
showing  a  clear  slide,  then  a  water  blast  turned  on,  an  immediate 
sampling  without  giving  time  for  settlement  would  disclose  large 
quantities  of  dust.  Dealing  with  the  Clifton  apparatus,  some 
tests  in  January,  1921,  already  described  by  Mr.  Hanton,  who 
carried  them  out,  were  instructive.  His  working  time  analysis 
was  rather  interesting.  The  ground  was  easy  to  bore,  but  difficult 
to  shoot.  Total  hours  worked,  105.5.  Working  time  divided  into 
percentages  showed  : — 


Boring 

0/ 

/o 

.     18.6 

Rig  and  unrigging,  Clifton  a^ 
Steel  delays 
Machine  delays  . . 
Barring  down 

)paratus 

.  12.8 
.  2.9 
.       1.2 

.       8.7 

Bulk  building 

.     18.9* 

Taking  in  tools 

Pipes  and  hose  connections 

.  1.8 
.       3.3 

Charging  and  firing 
After  firing  delays 

.  11. G 
.       5.7 

Lamps,  surface  delays,  &c. 
Mscellaneous 

.     12.1 

.       2.4 

100.0 
*  The  rise  was  difficult  of  access  in  the  back  of  a  leading  stope. 

Both  operators  were  in  a  mess  whilst  using  the  Clifton,  owing  to 

rough  ground  not  forming  a  decent  jointing  surface,  as  already 

described  by  Mr.  Hanton.     It  was  regarded  as  unsuitable  for  rising, 

and  they  had  since  then  been  trying  out  water-fed  stopers,  which 

seemed  to  offer  a  more  satisfactory  solution  of  the  difficulty.     A 

reference   was  made  to  cutting  hitches  in  timber  work  with  the 

popper    modification  ;     he     presumed    these    were     only    vertical 

hitches,  and  not  in  the  walls.     They  also  tiicd  out  a  popping  device 

on  somewhat  similar  lines  for  suppressing  dust,  but  could  never 

keep  therh  in  use.      The  men  were  antagonistic,  never  denying 
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the  fact  -ihat  they  would  keep  dust  down,  but  that  they  were  not 
needed.  The  less  one  had  to  rely  upon  the  employee  underground 
the  better.  A  statement  was  also  made  that  the  apparatus  made 
the  em.ployment  of  an  additional  man  unnecessary.  He  asked 
if  that  had  been  proved.  The  secretary  of  the  local  union, 
during  the  short  time  they  were  producing  ore,  repeatedly  stated 
that  he  (the  speaker)  was  the  only  manager  on  the  field  trying  to 
make  one  man  work  a  popper,  and  that  everybody  else  worked 
two  men  to  a  popper.  Then,  in  the  official  union  newspaper, 
an  advertisement  was  inserted  on  9th  March,  1921,  to  the  effect 
that  all  men  were  forbidden  to  work  any  machine  single-handed,  be 
it  "Long  Tom,"  "  jackhamer,"  or  popper.  In  regard  to  rise  work, 
a  self-rotating  stoper,  water  fed,  was  the  ultimate  object.  He 
did  not  think  the  Ingersoll  Leyner  was  meant  for  rising.  Again, 
in  allaying  dust  from  firing  stope  970,  section  "  H,"  assuming 
that  tlie  three  water  blasts  were  of  the  "  C  "  type  mentioned  lat^r, 
they  wvjuld  use  400  cub.  ft.  per  minute  and  run  for  32  minutes, 
using  12,.S00  cub.  ft.  of  air  ;  the  quantity  of  water — 64  gallons — 
was  quite  sufficient  to  saturate  a  big  volume  of  air.  One  pound 
of  water  highly  atomized  would  densely  fog  5()0  cub.  ft.  of  air. 
If  the  stope  were  9  ft.  high  and  the  capacity  81,000  cub.  ft., 
()4  gallons  of  water  would  fog  358,400  cub.  ft.  He  asked  if  there 
was  a  very  big  percentage  of  dead-end  stopes  in  the  Broken  Hill 
mines,  or  was  that  quoted  as  a  special  case  ?  It  was  stated  that 
if  there  had  been  a  ventilating  current  the  dust  would  have  been 
carried  out  into  the  mine.  He  suggested  that  it  would  have  been 
under  better  control,  as  the  three  later  samples  from  drive  and 
crosscuts  12  minutes  after  firing  gave  only  147  particles  per  cc. 
The  statement  was  made  that  it  was  desirable  to  lay  the  dust  at 
the  point  of  origin,  if  possible.  In  the  case  of  a  stope,  was  this 
dust  not  stirred  up  again  at  every  firing  ?  Considering  the  time 
of  settlement  of  particles,  it  seemed  to  be  a  certainty  that  they 
would  l>e  again  stirred  up  when  the  water  blasts  had  gone  forward 
with  the  face  of  the  stope.  He  quit^  agreed  that  waU^r  blasts 
should  l)e  placed  over  winzes  or  other  outlets  from  stopes  when 
the  outgoing  stope  air  had  to  traversi^  a  long  succession  of  working 
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faces  and  the  velocity  of  the  current  was  low  ;  but  he  entirely 
disagreed  with  the  suggestion  that  every  working  face  should  be 
supplied  with  at  least  one  water  blast.     In  stopes  such  as  070, 
section  '*  H,"  where  three  water  blasts  were  used,  would  one  be 
of  any  particular  benefit  ?     It  was  always  troublesome   to  keep 
wat^er  and  air  pipes  close  to  the  firing  zone,  and  the  popping — 
had  not  that  also  to  be  covered  ?     They  were  some  considerable 
distance   back  from  the  stope  face   with  the  present  method  of 
working.     In  the  latest  report  from  the  South  African  Standing 
Committee   on   Dust  Sampling,   page   4,   it  is    said  : — *'  In  open 
places,  however,  such  as  stopes,  the  use  of  a  water  blast  after  firing 
is  useless.     Water  screens  have  been  tried,  but  have  not  accom- 
plished their  object  to  any  important  extent."     The  South  African 
Committee  lav  down  a  rule  (on  page  3) — '*  That  water  blasts  shall 
be  used  in  developmental  ends,  and  also  in  every  working  place 
where  there  is  no  through  ventilation."     As  far  as  developmental 
ends  were   concerned,   conditions    of    areas  to   be  covered   were 
similar,    but   there    was   absolutely   no   comparison    between   the 
Broken   Hill   huge    stoping    areas    and  those    of    South   Africa. 
Broken   Hill   was  mining  at  comparatively  shallow  depths  com- 
pared with  South  Africa,  and  must  look  to  itself  for  the  solution 
of  its  problem.     The  disadvantage  of  humidity  was  pointed  out 
by  Mr.  Warren.     Ui.  Haldane  had  laid  it  down  that  in  entirely 
still  air,  with  the  wet  bulb  at  78°,  efficient  work  was  impossible, 
and  all  the    physiologists  seemed  to  hold  the   view  that  a  high 
moisture  content  was  the  factor  to  be  avoided  if  possible  ;  if  not 
possible,  other  means  of  cooling  the  human  body  must  be  adopted, 
such  as  movement  of    air.      On  page   10  of    the  South   Afiican 
Standing    Committee's   Report    it    was   said,    ''  Temperature    and 
humidity  may  have  some  relation  to  the  incidence  of  phthisis," 
and  the  tendency  all  over  the  world  was  in  the  direction  of  keeping 
the  underground  air  as  dry  as  possible.     In  South  Africa  speedy 
means  of  combating  silicosis  had   to   be   found,  as  their  r^^cords 
would   show.     On    page   80  of  the   Select   Committee's  report  of 
lOin  they  read  :-  "  Out  of  3130  whites  actually  at  work,  2(>.l  % 
were  found  to  Ix;  sufF*'rinfj  from  definite  silicosis,  while  an  extra 
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5.5  were  probable,  but  doubtful.  Of  the  26.1  ^o»  -l~*^o  ^^^'i^' 
early  cases,  capable  of  sustaining  a  fair  amount  of  exertion  without 
much  eflort.  Xo  account  is  taken  of  those  who  relinquished 
work  on  account  of  the  malady.  Of  the  affected  men,  48  %  were 
rock-drill  men,  compared  with  32  %  who  did  not  use  the  rock-drill, 
and  the  worst  cases  were  rock-drill  men."  Out  of  0242  men 
examined  at  Broken  Hill  to  dat«,  169  have  been  adjudged  suffering 
from  pneumoconiosis,  96  from  pulmonary  tuberculosis  only,  and 
■99  from  the  two  combined,  or  a  total  of  364  cases.  They  might 
disregard  the  96  cases  of  pulmonary  tuberculosis  onl\ ,  which  gives 
them  about  4.3  %  of  cases  possible  in  Broken  Hill.  If  they  could 
examine  the  ages  of  that  4.3  %,  and  their  previous  mining  histories, 
they  would  see  the  difference  between  the  Broken  Hill  case  and 
that  of  South  Africa.  Some  of  the  Western  Australian  mines, 
now  shut  down,  had  been  silicosis  producers.  That  also  applied 
to  the  Victorian  mines.  The  problem  of  underground  health 
seemed  to  be  directly  concerned  with  ventilation,  and  the  proper 
method  of  dealing  with  dust  and  noxious  gases  was  to  sweep 
them  right  out  of  the  mine  by  the  shortjest  possible  route.  It 
would  not  be  surprising  if  physiologists  soon  determined  that 
expired  C'Oo,  with  a  definite  temperature  and  humidity,  lay  at 
the  root  of  most  of  the  ill -health  underground,  by  paralyzing  some 
of  the  tissues  whose  functions  were  to  remove  deleterious  sub- 
stances from  the  body.  He  thought  they  were  to  be  congratulated 
upon  the  general  health  of  their  employees,  especially  when  they 
looked  around  at  the  employes'  ideas  of  a  home  and  the  manner 
in  which  they  disposed  of  their  surplus  pay.  He  thought  that 
any  other  industrv  would  consider  itself  particularly  lucky  to 
have  the  same  record  as  Broken  Hill.  They  were  much  indebted 
to  Mr.  Warren  for  his  paper,  and  trusted  that  his  example  would 
l)e  followed  bv  the  reading  of  further  interesting  papers. 

Mr.  T.  a.  Re.vd  said  that  he  had  had  a  little  ex-perience  in 
connection  with  the  problem  of  mechanical  dust-allaying.  At  the 
end  of  1917  and  the  l)eginning  of  191S  lie  was  asked  to  co-oj>erate 
with  the  underground  dei)artment,  Broken  Hill  South  mine,  with  a 
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view  to  looking  into  the  dust  question  and  methods  for  determina- 
tion. At  that  time  they  had  procured  copies  of  various  reports  from 
South  Africa  and  U.S.A.  upon  dust,  and  it  was  quite  clear,  upon 
looking  through  the  various  devices  and  methods  for  the  determ- 
ination of  dust,  that  Broken  Hill  was  quite  a  different  problem 
to  South  Africa  and  South  Missouri  (Jopalin  district).  In  South 
Africa,  roughly,  the  percentage  of  insoluble  matter  was  95  %, 
with  4  ^Q  pyrite  ;  in  the  Jopalin  district  the  insoluble  was  96  to 
99  ^o '  ^i^d  ij^  Broken  Hill,  roughly,  50  %.  The  gravimetric 
method  of  determining  dust  after  collecting  by  sugar  tube  was 
therefore  not  applicable  to  Broken  Hill  for  accurate  work,  because 
of  the  difference  in  the  chemical  composition  of  the  dust  from 
blasting  and  boring  operations.  Ignition  of  the  dust  caused 
elimination  of  sulphur.  The  method  of  arriving  at  the  number 
of  dust  particles  by  taking  the  dust  collected  in  the  sugar  tube, 
dissolving  in  water,  and  taking  a  portion  on  a  ha^macyto meter 
cell,  was  useless  for  dust  from  boring  and  blasting  operations, 
on  accomit  of  the  small  quantity  of  oil  atomized  by  the  drill  being 
collected  in  the  sugar  tube  when  boring,  and  the  tarry  product  of 
the  fuse  when  blasting,  such  oil  and  tars  forming  aggregates  of 
the  sulphide  dust.  Regarding  the  inaccuracy,  mentioned  by 
previous  speakers,  in  the  method  of  determining  the  number  of 
dust  particles  with  the  konimeter,  he  believed,  if  a  person  used 
a  petrological  microscope  for  counting,  he  need  have  no  doubt  as 
to  which  were  water  particles  and  w^hich  were  dust  particles. 

{Discussion  continued  on  2lst  April,  1921.) 
Mr.  a.  Fairw'Eather  said  they  were  indebted  to  Mr.  Warren- 
for  the  trouble  taken  in  the  preparation  of  his  paper — firstly,. 
because  a  consideration  of  that  new  phase  of  mining  science  would 
help  members  individually  ;  and  secondly,  because  the  inter- 
change of  ideas  would  have  beneficial  results  in  the  industry.  He 
regretted  Mr.  Warren  did  not  include  a  description  of  all 
mechanical  methods  for  allaying  dust  by  dealing  specially  with 
the  rock-drills.  As  there  was  a  call  for  less  dust,  so  there  was  a 
call  for  less  manual  strain  and  higher  mechanical  efficiency  in 
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machines.  They  had  to  combine  all  their  requirements  in  the 
one  tool.  To  discuss  how  all  the  best  features  could  be  combined 
in  the  one  tool  would  be  most  interesting  and  helpful.  Perhaps 
at  a  future  meeting  the  subject  would  be  handled  in  that  way. 
Mr.  Warren  had  referred  to  the  Clifton  apparatus,  a  device  origin- 
ally designed  for  attachment  to  a  "  Long  Tom,"  and  to  allay  the 
dust  when  such  a  machine  was  used  in  rising.  South  mine  officers 
had  improved  that  apparatus,  but  did  not  consider  it  was  by  any 
means  perfect,  and  knew  better  than  anyone  its  limitations. 
It  had  been  of  the  greatest  service  to  them  in  popping  work,  and 
had  tiiabled  them  to  convert  a  large  stock  of  dry-boring  hand- 
rotation  pop}>ers  into  very  satisfactory  machines.  It  was  tested 
in  a  rise  by  a  pair  of  miners  highly  prejudiced  against  rising,  and 
theii  verdict,  on  the  completion  of  the  job,  was  that  the  apparatus 
made  rising  a  comfortable  operation.  No  difficulty  was  ex- 
|)erienced  in  boring  comer  holes.  Unfortunately,  it  could  not 
be  fix'^d  to  an  automatic-rotation  machine,  and  suited  best  a  type 
of  machine  that  was  going  out  of  use — viz.,  the  dry-boring 
telescopic  stoper.  They,  however,  did  not  know  any  way  of 
rising  that  was  superior  to  the  use  of  a  '*  Long  Tom  "  with  Clifton 
device  in  regard  to  freedom  of  dust  and  lack  of  discomfort  to  the 
miner.  In  regard  to  water  blasting,  it  was  frequently  argued 
that  the  practice  of  it  must  increase  the  humidity  of  the  mine 
air.  The  argument,  however,  had  never  got  beyond  the  stage  of 
an  assertion,  and  it  was  advisable  that  tests  should  be  conducted 
to  determine  the  question  scientifically.  Admittedly,  water 
blasting  caused  the  dissemination  of  vast  quantities  of  minute 
water-bubbles  through  the  air.  These  attached  themselves  to  dust 
particles  and  fell.  It  was  believed  that  the  taking-up  of  water 
as  wattn*  vapour  was  thus  assisted.  But  the  conditions  favour- 
able t.)  higli  humidity  were  always  present  in  the  mine.  AVet 
tailings  were  used  as  filling.  Water  flowed  along  the  drains  of 
everv  level  and  through  the  flaws  in  the  rocks — either  ground 
watf^r  or  that  introduced  for  use  in  water  jets  or  axial  water-feed 
ma(;hine8.  A  general  water-blasting  system  would  bo  called  into 
requisition  only  at  the  end  of  each  shift,  or,  in  isolated  cases  of 
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firuig,  at  crib-time  also.  Thus  the  increased  tendency  towards 
evaporation  of  water  (if  that  really  existed)  was  present  onlv  at 
long  intervals.  The  water  drops  from  a  blast  took  a  very  short 
time  to  settle,  and  the  amount  of  water  used,  even  supposing  a 
blast  were  used  behind  every  explosion,  was  a  small  part  of  the 
total  amount  introduced  for  watering  holes  and  piles  of  ore  and 
that  contained  in  the  wet  residues.  There  had  been  a  tendency 
in  the  discussion  to  compare  a  water-blasting  system  of  dust- 
suppression  against  a  system  of  removing  dust  by  ventilation — 
in  other  words,  to  pit  the  use  of  water  against  the  use  oi  air 
currents.  Xo  one  could  urge  any  argument  against  copious 
ventilation,  but  if  that  method  were  relied  upon  solely  for  dust 
removal  it  was  hard  to  imagine  how  it  could  operate  successfully 
on  a  metalliferous  mine  where  there  were  numbers  of  levels,  and 
where  so  often  the  supply  air  to  a  stope  consisted  partly  c-f  the 
exhaust  air  from  another  stope.  Ventilation  would  move  the 
dust  from  one  place  to  another  ;  but  what  was  wanted  was  a  ■ 
method  that  would  cause  it  to  settle  in  the  shortest  possible  time.  M 
The  water  system  achieved  that.  Copious  ventilation  should  be  1 
regarded  as  an  adjunct  to  water  blasting,  but  not  as  an  alternative. 
For  the  past  foui-  or  five  years  South  Africa  had  been  water- 
blasting  on  an  extensive  scale,  and  the  latest  reports  from  that 
country  covering  the  results  of  dust-sampling  were  most  satis- 
factory. He  had  read  nowhere  that  any  person  competent  to 
speak  on  that  matter  had  condemned  the  use  of  water  in  blasts 
following  explosions.  South  Africa  had  pointed  out  the  difficulty 
of  making  the  blasts  effective  in  large  stopes,  but  the  mininsr  men 
there  did  not  condemn  blasting  in  consequence.  They  adopted 
it  as  extensively  as  possible.  But  even  if  dust-suppression  by 
water-blasting  was  not  completely  successful  in  any  one  stope 
they  could  prevent  the  exhaust  air  from  the  stope  causing  the 
vitiation  of  the  supply  air  to  another  working  place  adjacent. 
That  could  be  done  in  a  manner  suggested  by  Mr.  Warreii.  and 
which  had  been  proved  successful  on  the  South  mine.  The  dust- 
laden  air  was  waU^r-blasted  at  all  the  exits,  and  the  blast  was 
directed  with  the  natural  air  current  in  order  to  assist  it.     If  one 
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niiglit  judge  by  the  latest  publication  of  the  Chemical.  Metal- 
lurgical, and  Mining  Society  of  South  Africa,  the  authorities  in 
that  country  were  not  yet  satisfied  that  everything  possible  had 
been  done  in  dust-suppression,  and  the  consensus  of  opinion  was 
that  further  improvement  must  be  effected  along  the  lines  of 
increased  ventilation.  There  was  no  suggestion  that  water- 
blasting  should  be  abolished  or  even  curtailed.  They  should  be 
influenced  by  the  opinions  of  others  who  had  wrestled  with  those 
problems  much  longer.  Thus,  he  contended,  there  was  no  opposi- 
tion between  water-blasting  and  adequate  ventilation  as  aids  to 
dust-suppression  ;  they  were  complementary  to  one  another  ;  and 
if  there  were  a  danger  of  increased  humidity  from  increased  use 
of  water,  then  let  them  hold  down  that  humiditv  bv  ventilation. 
It  was  far  better  to  employ  ventilation  for  that  purpose  than  to 
use  it  for  the  dilution  of  dusty  air. 

Mr.  Voss  Smith  said  Mr.  Fairweather  had  referred  to  the  March 
number  of  the  Journal  of  the  Chemical,  Metallurgical  and  Mining 
Society  of  South  Africa,  which  published  the  discussion  by  meml>ers 
of  the  society  at  its  meeting  held  on  19th  March,  1921.  The 
general  impression  one  got  from  a  perusal  of  those  discussions, 
which  were  bv  no  means  finished,  was  that  more  attention  was 
to  be  ])aid  to  the  dust  question  than  had  already  been  done, 
although  they  had  gone  a  tremendous  distance.  In  effect,  they 
summed  up  the  position  as  follows  :  that  they  have  got  no  one 
thing  that  was  ICK)  ^(,  efficient,  and,  instead  of  waiting  for  that 
one  thing  to  turn  up,  they  suggested  using  every  means  practicable 
to  build  up  step  by  step.  Water  blasts  were  commented  upon  a 
good  deal,  and  the  general  impression  was  that  they  were  by  no 
means  poing  to  turn  thrm  down.  Mr.  ('.  J.  (iray.  Inspector  of 
Mines.  Johannesburg,  said:  — 

••  Though  immense  amounts  of  thought,  work,  and  expenditure  have 
been  devoted  to  prevention  of  miners'  phthisis  in  the  mines  of  the 
Witwatersrand,  and  great  progre.ss  has  been  made,  the  disease  is  still 
very  .serious.  As  those  who  do  not  know  the  facts  are  tempted  to 
a.ssume  that  all  that  is  ])ossiblp  to  deal  with  dust  underground  has 
been  done,  it  may  .serve  a  u.seful  purpose  if   I  point  out  some  of  the 
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respects    in    which    present    conditions  and   measures   are   open    to 
improvement.     ..." 
Again  : — 

'*  Recent  investigation  has  shown  that  the  water  blast  as  used  is  a 
very  poor  safeguard — even  when  it  is  working  properly  the  force  of 
the  explosion  of  the  shots  will  drive  fine  dust  through  the  spray  from 
the  water  blast,  but  in  practice  the  water  blasts  seldom  work 
properly. 

"  Individual  water  blasts  will  work  well  when  tried  during  the 
working  shift,  but  when  all  in  the  mine  are  open  at  blasting  time,  and 
air  2)ipes  in  winzes,  &c.,  are  blowing,  there  is  often  insuflicient  com- 
pressed air  to  supjjly  them  all,  and  they  fail  hopelessly.  Therefore, 
when  the  •  lashing  shift '  goes  into  development  places  the  approaches 
to  the  faces  often  are  not  cleared  of  dust,  and  at  the  faces,  though  the 
compressed  air  from  the  water  blast  may  have  cleared  away  fumes 
and  dust,  the  broken  rock  is  dry,  and  dust  is  raised  in  watering  down. 
'•  To  improve  matters,  I  should  recommend  : — 

{a)  More  attention  to  the  settling  and  filtering  of  water,  so  as  not 
only  to  remove  silica  particles,  but  also  those  deposits  which 
may  be  formed  in  the  aeration  or  neutralization  of  water 
supplies. 

(6)  More  careful  neutralization  and  control  over  the  contents  of 

water,  so  as  to  avoid  corrosion  or  incrustation  of  pipes,  &c., 

and  early  replacement  of  corroded  or  incrusted  pipes, 
(c)  Greater  care  to  ensure  that  main  pipes  are  of  ample  size,  so 

that  they  will  allow  the  required  flow  without  undue  friction 

when  the  use  of  water  is  at  its  maximum. 
((/)  Greater  care  in  the  placing  and  protection  of  water  pipes. 
(e)  Extended  use  of  water  (not  air)  fed  machine  drills. 
(/)  Greater  care  in  placing  sprays  and  atomizers,  so  that  they  will 

not  wet  ])orHonH  unnecessarily. 

(7)  Attention  to  the  drainage  of  development  ends,  so  that  water 

will  not  accumulate  there. 
{h)  Use  of  water  blasts  which  are  economical  in  rompressed  air^ 
and  will  work  with  air  at  low  pressure.'" 
Als )  — 

"  Though  improvement  may  be  made.  1  think  that  when  owners  and 
managements  have  duiif  all  possible  with  regard  to  the  use  of  water, 
there  will  still  be  frequent  failures  to  prevent  formation  of  dust.     The 
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simplicity  and  constancy  of  action  of  a  good  ventilation  system  can 
never  be  obtained  in  the  use  of  water,  and  therefore  it  is  important  to 
back  the  use  of  water  by  ventilation." 

South  Africa  apparently  relied  too  much  on  the  water  blast 
previously,  and  now  felt  that  they  wanted  to  do  a  lot  more  than 
water-blasting.  It  struck  him  forcibly  that  Dr.  Chapman  was 
inclined  to  let  the  ventilation  c^uestion  be  dealt  with  as  a  separate 
phase  of  the  question  altogether,  and  to  deal  with  dust  tirst  and 
ventilation  afterwards.  But,  on  the  South  African  experience, 
the  two  things  seemed  to  be  interlinked  the  whole  time.  In 
regard  to  the  humidity  difficulty,  increased  ventilation  would  help 
a  lot  to  get  over  that.  Then  there  was  a  suggestion  that  a  lot 
of  the  dust  trouble  was  due  to  drilling  when  the  water  service 
was  not  working  effectively,  and  it  was  asked  that  drilling  should 
stop  as  soon  as  the  water  supply  went  wrong.  The  suggestion 
was  made  that  machine  drills  should  be  provided  that  would 
not  work  without  an  adecjuate  water  supply.  In  the  discussion 
mentioned  above  Mr.  C.  J.  Gray  said  : — 

"  Water  sprays  and  atomizers,  though  not  very  important  directly, 
being  unreliable  and  inefficient,  are  sometimes  important  indirectly,  as 
they  enable  the  air  to  take  up  moisture     .     .     .     ." 

which,  he  thought,  was  contrary  to  what  Mi-.  Fairweather  stated. 
Throughout  the  South  African  discussion  they  linked  the  water 
system  with  the  ventilation  system  for  dust  purposes  as  apart 
from  purely  ventilation  purposes. 

Mr.  H.  F.  Pearson  said  in  the  course  of  the  pajtor  under 
discussion  Mr.  AVarren  had  given  the  results  of  dust  samples  that 
were  taken  with  the  Kotze  konimeter  under  varying  conditions. 
It  was  on  the  method  of  counting  those  spots  that  he  (the  speaker) 
lesired  some  further  information.  There  were  two  methods  of 
ounting  recommended  by  the  South  African  Miners'  Phthisis 
Prevention  Committee,  and  they  ^vere  :  — 

(1)  By  counting  the  particles  of  dust  between  two  lines 
intersecting  at  either  0^  or  18°,  and  making  the  necessary 
calculation   from  that  result. 
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(2)  By  using  an  eye-piece  ruled  in  squares,  ascertaining — 

(a)  The  dimensions  of  the  spot. 

(b)  The  average  number  of  particles  per  square,  and 

so  obtaining  the  count  per  cc. 
The  above  committee  also  recommended  a  magnification  of 
150-180  times  as  giving  the  best  results  for  counting.  He  had 
been  using  185  and  an  eye-piece  ruled  in  squares.  Some  dust 
samples  which  he  took  recently  were  check-counted  by  Mr. 
AVarren,  whose  counts  were  all  higher.     The  results  were  : — 


Percentage 

—  ~"^ 

Self. 

Check. 

of 
increase. 

(0) 

460 

491 

H 

(6) 

383 

531 

40 

(c) 

491 

639 

30 

(d) 

289 

344 

20 

(e) 

542 

590 

7 

(/) 

1,400 

1,431 

2 

He  m.ust  apologize  for  not  being  able  to  show  the  slide  containing 
spots  6,  c,  and  d.  as  the  spots  had  been  obliterated  on  the  South 
mine  after  check-counting.  To  show  how  easy  it  was  to  obtain 
a  different  result  of  a  dust  count,  he  would  relate  the  history  of 
spot  «,  460— 491— (3 i%.  The  first  time  that  he  counted  that 
spot  he  estimated  it  at  366  per  cc  ;  the  check  count  said  660.  He 
had  another  attempt  on  hearing  that,  re-estimated  it  at  460,  and 
sent  it  along  for  a  further  re-check  ;  it  was  returned  as  491.  The 
method  that  he  had  been  using  for  determining  the  number  of 
dust  particles  per  cc.  was,  roughly  :  — 

(a)  Obtain  the  maximum  dimensions  of  the  spot  along  two 
axes  at  iHf"  to  each  other,  and  nmltiply  the  product  of 
these  two  dimensions  by  8,  giving  the  area  to  2  %. 
With  tlif  knowledge  of  these  two  dimensions  the  centre 
of  the  spot  could  bf  made  to  coincide  with  the  centre 
of  the  squared  eye -piece. 
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(b)  Count  the  particles  of  dust  from  one  side  of  spot  to  the 
other  in  the  two  rows  of  squares  running  at  right  angles 
to  each  other  througli  the  centre  of  the   squaied  eye- 
piece.    Average  that  total  over  the  number  of  squares 
counted  and  multiply  the  total  area  in  squares  bv  the 
average  figure  obtained. 
He  understood  that  Mr.  Warren's  method  of  counting  was  similar, 
except  that  to  average  the   number  of    particles  per  square  he 
counted  the  particles  in  a  square  figure  containing  9  grid  squares 
in  each  quadrant  and  divided  the  total  number  of  particles  by 
the  number  of  grid  squares  containing  them.     That  brought  him 
to  the  question  of  the  average  number  of  particles  per  unit  area, 
or  in  that  case  per  square.     Imagine  an  ideal  spot  20  squares  in 
diameter  and   true   area   of  314   squares,   increasing   regularly   in 
density  towards  the  centre,  the  square  on  the  edge  of  the  spot 
having  one  particle,  the  next  squaie  nearer  the  centre  having  two 
particles,  then  three  particles,  and  so  on  up  to  ten  particles  at 
the   centre   square.     Then   counting    by   his   method    would   give 
220  particles  of  dust  in  the  two  rows,  each  containing  20  squares — 
average    per    square  =  220  =  5.5.       Total    particles    in    spot  = 

40 
314  X  5.5  =«  1727  particles.  Regarding  that  spot  as  a  series  of 
concentric  rings,  the  outside  ring  containing  1  particle  per  unit 
area,  the  next  inner  ring  2  particles  per  unit  area,  and  so  on  up 
to  10,  they  found  out  that  the  total  number  of  particles  in  the 
circle  worked  out  at  1205,  or  a  difference,  43  %,  from  the  previous 
result,  whilst  the  real  average  per  square  was  only  3.S  instead  of 
5.5.  The  actual  dust  spot  appeared  to  be  far  from  such  a  regular 
object  as  the  ideal  one  just  mentioned,  and  he  should  like  to  ask 
Ml.  Warren  the  following  questions: — (1)  Although  the  method 
he  (the  speaker)  used  for  averaging  the  particles  per  square  was, 
in  an  ideal  case,  mathematically  incorrect,  did  Mr.  Warren  consider 
that  a  dust  spot  was  suthciently  regular  in  the  decrease  of  particles 
per  unit  area  from  the  centre  to  the  perimeter  to  render  the 
method  inaccurate  and  unreliable  ?  (2)  If  so,  upon  what  basis 
did  he  select  the  nine  representative  squares  in  each  quadrant  ? 
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(3)  If  the  spot  was  simply  an  irregularly-distributed  collection  of 
dust  particles,  which  of  the  two  following  methods  would  appear 
to  give  the  most  convincing  result : — 

(a)  An  average  content  based  on  the  dimensions  of  the  spot,  or 
(h)  An  average  content  based  solely  on  areas  selected  at  the 
discretion  of  the  operator  ? 
He  was  inclined  to  think  that  in  any  case  his  counts  would  be 
on  the  heavy  side,  as,  in  averaging,  the  due  proportion  of  less 
dense  squares  around  the  perimeter  were  neglected ;  yet  the 
check  counts  by  Mr.  Warren  were  all  higher,  varying  in  some  cases 
from  20  to  40  %  in  comparatively  low  counts.  Then  as  regards 
the  dimensions  of  the  spot.  The  South  African  Miners'  Phthisis 
Prevention  Committee  recommended  a  magnification  of  150-180 
for  counting.  Besides  giving  a  clear  definition  of  particles 
1  micron  in  size,  that  magnification  had  the  advantage  that  the 
average  dust  spot  approximated  the  size  of  the  squared  grid,  or 
perhaps  22  x  22  squares.  That  allowed  the  operator  to  see  a 
fairly  large  portion  of  the  perimeter  of  the  spot  without  moving 
the  slide,  and  thus  gave  a  fairl}^  comprehensive  idea  of  the  average 
boundary.  AVith  the  magnification  of  225  that  Mr.  Warren  used, 
the  average-sized  spot  was  28  or  29  grid  squares  in  diameter. 
With  that  magnification  (225)  the  operator  could  see  a  smaller 
portion  of  the  spot  at  one  setting  of  the  slide,  and  would  not  get 
so  good  an  idea  of  the  boundary  without  much  use  of  the 
mechanical  stage.  AVith  that  high  magnification  it  would  appear 
a  simple  matter  for  individual  operators  to  obtain  varying 
estimates  of  the  dimensions  of  a  given  spot,  thus  making  all  the 
difference  between  a  high  count  and  a  low  one.  He  had  examined 
.some  dust  spots  under,  a  magnification  of  250,  and  could  detect 
no  particles  that  he  could  not  see  at  J  85,  but  perhaps  his  eyesight 
was  at  fault.  Some  additional  questions  he  would  like  to  ask 
were  : — (4)  Did  Mr.  Warren  not  think  that,  with  the  higher 
magnification  power,  an  operator  was  more  liable  to  over-estimate 
the  size  of  the  spot  than  with  the  lower  power  ?  (5)  What  were 
the  particular  advantages  of  that  magnification  ?  (0)  Were  the 
qualitative  grid  lines  5  microns  apart  at  that  magnification  ?     In 
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conclusion,  he  would  like  to  ask  if  the  method  of  counting  with  a 
squared  grid  was  sufficiently  free  from  estimate  by  "judgment/' 
both  in  averaging  the  number  of  particles  per  square  and  the 
dimension  of  the  spot,  for  an  operator  to  prove  to  a  third  party 
that  his  count  was  correct,  and  that  the  count  of  an  opposing  party 
was  wrong.  It  seemed  so  easy  for  an  oj^erator  to  make  a  spot 
go  any  count  within  certain  limits,  and  it  looked  much  harder 
to  definitely  disprove  that  count  as  the  question  of  "  fair 
average "  came  up.  To  eliminate  most  of  the  estimate  bv 
judgment,  did  Mr.  Warren  consider  that  the  eye-piece  with 
intersecting  grid  lines  would  meet  the  case  ?  He  submitted  the 
drawing  of  an  eye-piece  (Fig.  1)  upon  which  he  would  be  pleased 
with  an  expression  as  to  its  feasibility.    Lines  XX  and  X^X^  are 

X 


bisecting  each  other  at  90°,  and  are  each  divided  into  twentieths. 
AA^  and  BB^  are  lines  intersecting  each  other  at  the  centre  O, 
and  at  an  angle  of  18°  to  each  other.  I)G  =  AB  -  AMU,  and 
from  I)  and  G  lines  DC  and  GH,  DE  and  GF,  are  drawn  paralk-1 
to  AAi  and  BB^^  respectively.  The  two  lines  joining  CE  and 
FH  are  the  qualitative  grid  lines  to  be  5  microns  apart  at  some 
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given  magnification.  The  method  of  use  was  similar  to  that 
of  the  South  African  Conmiittee,  but  when  the  spot  extended  beyond 
AB  the  operator  identified  some  distinctive  particle  on  AB,  and 
moved  the  slide  to  the  right  till  that  particle  had  a  corresponding 
relationship  to  DG.  Then  the  operator  counted  all  the  particles 
in  the  figure  CDGF.  Those  four  extra  lines  removed  the  necessity, 
where  the  spot  extended  beyond  the  confines  of  the  eye-piece,  of 
extending  the  two  lines  AA^  and  BB^  in  the  magnification.  The 
only  estimates  required  were  the  two  dimensions  of  the  spot  for 

centring  purposes,  and  an  error  of  _  2  would,  he  thought,  be 

negligible  in  the  final  count  with  grid  compared  with  computation 
bv  squares.  However,  that  was  only  an  opinion,  as  he  had  never 
used  the  intersecting  grid  lines. 

Mr.  T.  a.  Read  said  several  of  the  previous  speakers  expressed 
doubts  as  to  the  konimeter  method  being  reliable,  and  quoted  the 
gravimetric  method  as  being  the  more  reliable  of  the  two.  In 
the  investigations  carried  out  both  in  South  Africa  and  the  Joplin 
district  it  was  found  that  it  was  the  fine  particles  of  dust — i.e., 
particles  under  5  microns — that  caused  serious  harm  to  the 
miners.  It  would  therefore  appear  that  a  method  which  would 
give  the  number  of  particles  of  dust  present  in  a  given  volume 
of  air  would  give  a  much  clearer  conception  as  to  the  unhealthiness 
of  air  than  a  method  in  which  the  results  were  expressed  by 
weight.  That  this  had  early  recognition  by  the  South  African 
people  was  evidenced  in  their  earlier  work,  whereby  they  adopted 
the  method  of  counting  in  the  ha^macytometer  cell  portion  of 
their  sugar-tube  catch.  The  Konimeter  Method. — Objections 
raised  against  the  konimeter  method  were  : — 

(1)  Errors  in  counting  the  dust. 

(2)  Small  quantity  of  sample  taken  by  instrument. 

(3)  Pit  marks  on  the  vaseline  being  mistaken  for  dust  spots. 
(1)  The  error  in  counting  may  be  as  high  as  10  %  when  the  dust 
spot  contained  upwards  of  1500  particles  per  cc;  with  dust  spots 
containing  a  lesser  number  of  particles  per  cc.  the  error  was  much 
less.     That  error  was  not  a  serious  one,  for  where  atmospheres 
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contained  dust  approaching  that  figure  it  was  quite  apparent 
that  some  means  for  allaying  the  dust  was  necessary,  and  should 
be  used.  In  counting  the  dust  on  the  slide,  he  found  it  best  to 
use  an  eye-piece  ruled  in  squares,  and  also  to  have  a  mechanical 
stage  for  quickly  locating  the  dust  spots  and  to  traverse  the 
spot  for  obtaining  its  correct  diameter.  (2)  That  applied  equally 
to  the  gravimetric  method.  The  konimeter  sample  was  5  cc.  The 
readiness  in  which  that  sample  could  be  taken  and  counted  allowed 
of  a  number  of  samples  to  be  taken  from  the  one  face  and  an 
average  of  the  counts  taken.  In  the  gravimetric  method  the 
sugar-tubes  were  usually  placed  in  one  position,  supposed  to 
represent  the  average  of  the  place,  and  the  sample  taken  ;  there 
was  no  guarantee  that  an  average  of  the  dust-laden  air  passed 
the  sugar-tubes.  (3)  That  the  dust  particles  caught  on  the 
vaseline  slide  were  visible  in  plane  light  depended  upon  the 
difference  in  the  refractive  index  of  the  minerals  forming  the 
dust  and  the  mounting  medium.  The  outline  of  the  dust  particles 
(which  were  crystals)  would  gradually  disappear  if  the  index  of 
refraction  of  the  surrounding  liquid  gradually  approached  that 
of  the  dust  particles,  and  the  dust  particles  would  be  invisible  if 
the  two  indices  were  alike,  provided  the  dust  particle  or  crystal 
were  colourless.  Therefore,  the  mistaking  of  pit-marks  caused 
by  water  globules  impinging  on  the  vaseline  for  dust  spots  will 
improbable.  Wiat  he  had  found,  which  at  first  was  a  little 
confusing,  was  the  presence  of  small  globules  of  water  on  the 
slide  when  testing  certain  classes  of  work  (fogging  of  water  Leyner, 
and  water  blasts).  That  was  got  over  by  allowing  the  slide  to 
stand  about  an  hour  in  a  dry  room,  when  the  water  spots  would 
have  disappeared,  leaving  in  some  cases  pitting  of  the  vaseline. 
The  appearance  of  the  vaseline  on  the  slide  due  to  that  cause  was 
that  of  being  slightly  blurred,  owing  to  the  hollows  being  slightly 
out  of  focus.  By  carefully  adjusting  the  focus  over  those  places 
there  was  no  sharply-defined  outline,  as  was  the  case  when  a  dust 
particle  was  in  the  vaseline.  In  every  probabilitv.  soft  glycerine 
jelly  might  l)e  a  l)etter  medium  than  vaseHne  for  coating  the  slide 
when  water  globules  were  likely  to  be  encountered    in  the  air. 
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The    impression   that   the   gravimetric    method    was   much   more 
accurate  than  the  konimeter  method  was  not  well  founded,  when 
applied  to  Broken  Hill  dust.     The  gravimetric  method,  largely 
used   by   the   South   African   people   in   their   investigations,   was 
quite  a  simple  one.     Broadly,  the  method  consisted  of  collecting 
the  dust  sample  in  sugar  tubes,  the  sugar  taken  into  solution  by 
distilled   water,   and   the   insoluble   dust  separated   by  filtration  ; 
the  filter  paper  was  given    a    wash,  and    then  incinerated  and 
weighed,   the   weight   obtained   havmg  due   corrections  for  dust 
present  in  the  sugar  and  the  ash  of  the  filter.     The  method,  no 
doubt,   had    yielded   reasonably  accurate    results  to   the   South 
African  investigations.     The   same   method   applied   to   the  dust 
occurring  in    the  Broken  Hill  mines    would  not  be  accurate,  on 
account  of  the  chemical  changes  brought  about  during  ignition. 
In  some  investigations  into  the  chemical  nature  of  the  dust  in 
the  Broken  Hill  mines,  carried  out  by  himself,  he  used  the  above 
method,   with  the  following  modification  : — The  suspended  dust 
was  filtered  ofl    through  a  weighed  Gooch  crucible  having    an 
asbestos  filter,   washed   six  times  with  distilled   water,  and  the 
crucible  and  contents  dried  at  100°  C.  and  weighed.     The  suit- 
ability of    that   modified  method  was  determined  by  taking    a 
Gooch  crucible  and  filtering  1  litre  of  4  %  sugar  solution  through 
it,  and  then  washing  six  times  with  distilled  water.     The  crucible 
was  dried  at  100^  C.  and  weighed.     By  repeating  the  experiment 
five   times,   the   weighings,   with  the   following  differences,   were 
obtained  : — 


Difference  from 

■"^■""■"^"^ 

Grammes. 

original  weight  in 
milligrammes. 

Original  weight 

•   •                   •   • 

19.2373 

— 

1st  filtering  and 

weighing 

19.2375 

0.2 

2nd 

»5                                         •    • 

19.2378 

0.5 

3rd        „ 

>J                                          •    • 

19.2378 

0.5 

4th         ,,         ,, 

>J                                         •    • 

19.2374 

0.1 

5th        „          „ 

>J                                         *    • 

19.2377 

0.4 

It  would  therefore  be  seen  that  the  method  modified  by  weighing 
in  a  Gooch  crucible  showed  differences  ranging  from  0.1  to  0.5  m^- 
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In  the  method  used  by  the  South  African  Miners'  Phthisis  Pre- 
vention Committee,  although  not  stated,  the  chemical  balance 
for  weighing  the  ignited  residues  or  dust  would  be  in  all  probability 
the  usual  chemical  balance,  with  which  the  closest  one  could  weish 

would    be   _  0.05  mg.      As  it  was  the   number    of    small  dust 

particles  that  were  injurious  to  the  lung,  those  differences  in  weight 
would  account  for  a  large  number  of  fine  particles.  It  would 
therefore  be  seen  that  the  gravimetric  method  was  subject  to 
errors,  and  the  method,  when  modified  to  suit  the  chemical 
character  of  the  Broken  Hill  dust,  had  errors  greater  than  the 
"konimeter  method.  For  investigation  into  methods  and  apparatus 
for  determining  the  efficiency  of  same  for  the  suppression  of 
dust,  the  konimeter  method  would  give  the  information  required. 
AMiere  a  general  investigation  into  dust  conditions  was  being 
made,  in  which  it  was  necessary  to  determine  the  chemical  nature 
of  the  dust,  as  well  as  the  quantity  of  the  dust,  both  methods 
should  l>e  used,  because,  by  the  gravimetric  method,  a  lot  of 
interesting  points  about  the  dust  could  be  investigated. 

Mr.  Warren,  in  reply,  said  Mr.  Whiteman's  explanation  of  the 
comparatively  inefficient  work  of  blasts  *'  A  "  and  '*  B  "  in  the 
developemntal  dead-end  firing  test  was  probably  quite  accurate. 
It  would  be  noticed  that  the  blasts  only  ran  15  minutes.  The 
compulsory  time  of  running  in  South  Africa  for  that  class  of  work 
was  30  minutes.  The  reason  why  blast  "  C  "  showed  such  good 
results  was  that  the  strength  of  that  blast  caused  considerable 
local  ventilation,  having  the  effect  of  washing  the  end  out.  As 
it  was  impossible,  except  in  very  rare  cases,  to  conduct  the  noxious- 
firing  products  and  dust  direct  to  the  upcast,  that  might  appear 
bad  practice  were  it  not  for  the  fact  that  the  dust  was  wetted 
and  must  therefore  come  down  much  more  (juickly  than  if  dry. 
He  had  repeatedly  obtained  dust  spots  in  the  track  of  a  water  blast, 
which  showed  individual  particles  and  aggregations  of  dust  sur- 
rounded by  definitely-marked  rings,  caused  by  the  spreading  of 
the  water  on  the  vaselined  slide.  A  photograph  o{  such  a  spot 
was  available  for  inspection.     The  spot  was  not  a  well-shaj>ed  one, 
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but  showed  the  feature  described.  Referring  to  firing  in  ventilated 
stopes,  Mr.  AVhiteman  mentioned  that  he  thought  the  low  dust- 
counts  obtained  from  the  blast  ''  C  "  test  might  be  attributed  to 
the  increased  speed  of  the  ventilating  current  and  the  consequent 
dilation  of  the  noxious  and  dust-laden  air.  That,  it  was  claimed, 
was  the  great  advantage  to  be  obtained  in  using  water  blasts  in 
that  way.  "When  pointed  in  the  direction  of  the  ventilating 
current,  they  had  a  most  beneficial  effect.  Experiments  had 
been  conducted  which  proved  that  the  quantity  of  air  flowing 
into  isolated  stopes  difficult  to  ventilate  was  doubled.  That 
was  a  most  desirable  achievement,  especially  in  places  where  the 
firing  products  had  a  tendency  to  hang  owing  to  sluggishness  of 
the  air  currents.  As  the  blast  filled  the  gangway  for  at  least 
50  ft.  ahead,  it  was  very  improbable  that  any  dust  particles  could 
escape  a  wetting,  and  must  therefore  come  down  before  they  had 
travelled  far.  In  order  to  throw  a  little  light  on  that  point,  the 
following  test  was  done  in  the  1270-ft.  level,  section  G,  stope 
mentioned  on  pages  45  and  47  of  the  paper.  The  "  C  "  blast  was 
situated  at  Z  as  before,  but  all  samples  were  obtained  at  a  point 
round  the  bend  of  the  gangway,  some  80  ft.  from  the  winze. 


Total  Dust  per  o.c. 

No. 

Conditions. 

1.  No  water  blast. 

2.  Blast  "C"  on 
10  mins. 

1 

2 

mins.  after  firing  in 

stope 

Too  thick  to  count 

3775 

2 

5 

>»                      >>                      J5 

}j       >>             j» 

1840 

3 

10 

)>                    >5                     J5 

2113 

343 

4 

15 

>>                    J>                    J> 

565 

221 

5 

20 

»»                    >J                    )> 

229 

97 

6 

25 

J>                    JJ                     >) 

221 

84 

7 

30 

H                  }}                  }> 

180 

84 

The  stope  was  well  ventilated,  and  the  holes  were  fired  close  to 
the  winze.  The  water  blast  in  test  2  was  stopped  at  JO  minutes 
after  firing.  Attention  was  directed  to  samples  1,  2,  and  3  in 
each  test.     Samples  1  and  2,  test  1,  were  too  thick  to  count,  but 
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would,  on  a  rough  estimate,  contain  at  least  10  times  the  quantity 
in  Xos.  1  and  2,  test  2.     The  dust  of  test  1  would  be  carried  drv 
to  vitiate  adjoining  stopes  on  the  1170-ft.  level,  while  a  consider- 
able portion  of  the  dust  in  test  2  had  been  eliminated  before  the 
air  reached  the  sampling  point,  and  the   balance,   being  wetted, 
would  not  travel  nearly  so  far  as  the  dry  dust  before  settling. 
Mr.  Clayton  stated  : — "  In  the  results  from  firing  obtained  under 
working  conditions  prior  to  May,  1919,  no  velocities  of  air  currents 
are  given  in  the  stopes,  which  might    be    dead-end,  similar    in 
conditions  to  those  of  a  drive."     The  counts  in  question  were 
obtained  in  the  1070-ft.  level,  sections  F  and  D,  stopes,  which  at 
the  time  were  fairly  well  ventilated,  though  the  air  velocities  were 
not  recorded.     The  air  had  free  passage  from  the  1070-ft.  level 
through  chutes  and  ladderways,  along  the  backs,  and  up  to  the 
970-ft.    level   through    winzes.      The    stope    temperatures   at   the 
time  of  sampling  were  69^  to  71°  F.     It  was  claimed,  therefore, 
that  the  stopes  were  truly  representative  of  Broken  Hill,  with  a 
through  air  current.     He  did  not  understand  the  statement  that 
it  was  difficult  to  count  dust  under  3  microns.     If  that  were  so, 
it  would  not  be  much  use  attempting  to  count  dust  spots  at  all. 
At  least  90  %  of  the  dust  got  from  boring  and  firing  was  under 
.S  microns.     The  degree  of  magnification  used  in  counting — viz., 
225  diameters — enabled   them   to   clearly   see   particles  down   to 
1    micron.      In   quoting  a   report   recently   issued     by   the   South 
African   Chamber    of    Mines  to  the    effect  that   a  silica  particle 
'^  microns  in  size  falls  through  the  height  of  a  drive  in  33  minutes, 
Mr.  Clayton  did  not  mention  that  a  silica  particle   1   micron  in 
size  took  5  hours  30  minutes  to  fall  through  such  a  height,  and 
that  was  given  as  the  reason  why  dust  samples  always  showed 
such   r»*latively  large   quantities  of  extremelv  fine   particles.     No 
water  blasts  were  used  aft^r  firing  when  the  sto|>e  samples  above 
referred  to  were  obtained.     The  men  would  return  to  bar  down 
and  sh«)vel  ore — o|)e  rat  ions  which,  in  themselves,  did  not  j)roduce 
heavy    quantities   of   dust.      The    statement    that    a    water   blast 
would  stir  up  dust  was  correct,  but  not  in  large  (juantities.     On 
the  19th  Deceml>er,  191^^,  a  count  obtained  in  a  dead-end  crosscut 
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in  whicli  no  work  liad  been  done  for  some  months  went  80  particles 
per  cc.  immediately  after  wetting  down  with  the  water  blast. 
There  was  a  danger,  in  obtaining  spots  after  water-blasting,  of 
mistaking  water  globnles  for  dnst  particles,  bnt  the  distinction 
could  be  readily  made  if  care  were  exercised.  The  Use  of  Water 
Blasts  in  Stopes. — Considerable  discussion  had  arisen  upon  that 
matter,  mostly  hostile  to  the  suggestion  put  forward  that  every 
stope  face  should  be  supplied  with  at  least  one  blast.  As  that 
was  an  important  matter,  he  would  try  and  put  his  reasons  for 
making  that  suggestion  more  clearly.  The  outstanding  difficulty 
in  dealing  with  dust  from  firing  in  stopes  was  that  in  most  Broken 
Hill  mines  the  dust  necessarily  traversed  a  succession  of  working 
faces  before  getting  into  the  upcast  shaft.  While  that  did  not 
matter  much  when  firing  was  confined  to  the  end  of  the  shaft, 
provided  the  men  were  hauled  to  the  surface  through  a  downcast 
shaft,  it  was  a  matter  of  great  importance  when  firing  at  crib 
time,  as  was  necessary  on  most  Broken  Hill  mines,  every  shift, 
in  order  to  keep  the  truckers  busy.  The  men  always  had  crib 
near  their  working-places — sometimes  in  the  stopes — and  there- 
fore in  the  track  of  the  air  as  it  passed  to  the  upcast  shaft.  It 
often  happened,  too,  that,  even  at  the  end  of  the  shift,  men  were 
exposed  to  the  effects  of  dust-laden  air  from  stopes  where  the 
miners  had  perhaps  fired  5  minutes  too  early.  On  a  recent 
occasion  he  obtained  a  heavy  count  from  the  inlet  air  to  a  stope 
at  1  p.m.,  when  no  firing  had  been  done  at  crib  time.  Inquiry 
elicited  the  fact  that  the  dust,  which  was  extremely  small  (about 
1  micron  in  size),  had  in  all  probability  come  from  a  stope  a 
considerable  distance  away,  where  some  holes  had  been  fired 
I  hour  previously  and  no  water  blast  had  been  used.  The  970-ft. 
.section  H  8to[>e  was  chosen  for  the  test  quoted  in  the  paper 
becau.se  it  was  a  dead-end  stope,  the  object  being  to  demonstrate 
the  capabilities  of  water  blasts  in  allaying  dust.  It  was  tluMefore 
desirable  to  eliminate  the  factor  of  ventilation.  Fortunately, 
.stopes  of  that  sort  were  rare,  the  practice  being  to  sink  winzes 
in  advance  of  the  sill -floor  stoping.  Mr.  Clayton  pointed  to  the 
difference  in  size  of  the  Broke*))  Hill  huge  stoping  areas  and  those 
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of  South  Africa,  but  he  (Mr.  Warren)  thought  the  difTerences  were 
such  as  to  favour  the  use  of  water  blasts  in  quite  a  large  pro- 
portion of  the  stopes.  The  sc^uare-set  method  of  mining  was 
extensively  used,  and  would  be  still  more  availed  of  in  future. 
The  area  open  in  a  square -set  stope  was,  as  a  rule,  relatival  v  small 
compared  to  the  ore-body,  and  the  face  would  be  quite  easilv 
covered  by  a  water  blast.  The  average  open  stope  and  sill-tioor 
stope  face  in  the  Broken  Hill  South  was  from  30  ft.  to  50  ft.  in 
length.  While  it  was  admitted  that  it  was  not  so  easv  to  cover 
faces  so  long,  the  "  C  "  blast  described  in  the  ])aper  would  carrv 
50  ft.  comfortably  ;  and,  arranged  parallel  to  the  face  so  that  the 
dust  had  to  pass  through  a  curtain  before  reaching  the  outlet, 
it  was  claimed  that  some  good  service  in  dust-allavinfr  was 
achieved  in  that  manner.  The  popping  was  not,  as  suggested  bv 
one  or  two  members,  some  distance  behind  the  face.  As  a  rule, 
in  mines  where  the  miners  were  set  fortnightly  contracts,  it  was 
very  close  to  the  face.  It  was  not  essential,  however,  that  the 
water  blast  be  placed  close  to  the  face,  so  long  as  it  intercepted 
the  dust  between  the  face  and  the  winze.  Rather  contrarv  to 
expectations,  the  watcir  blasts  have  cost  little  for  repair.-  and 
maintenance,  while  the  matter  of  keeping  them  moving  witli  the 
faces  did  not  occasion  any  additional  expense,  as  the  air  and 
water  pipes  must  be  moved  up  in  any  case.  There  was  another 
us<^  for  water  blasts  in  stopes  which  had  not  been  mentioned  — 
that  was,  to  assist  in  keeping  accidental  dust  in  check.  It  was  no 
uncommon  sight  to  see  a  cloud  of  dust  resulting  from  every  m(»ve- 
ment  in  a  hot  square-set  stope,  the  heated  air  having  absorl)ed 
the  moisture  from  the  filling.  A  water  blast  in  such  a  plact-  was 
nnich  more  effective  than  a  jet  in  damping  the  surfaces  down. 
They  also  often  found  the  miners  using  the  blast  to  wet  a  piK*  of 
ore  before  filling.  Dealing  now  with  the  (pu'stion  of  cost  of 
water  blasts,  he  thought  that  Mr.  Hanton's  estimate  of  4s.  {ht 
hour  was  rather  low.  It  was  practically  im])ossibl«'  to  estimate 
the  cost  of  coni')ressed  air  delivered  underground  ;  in  any  cas«% 
surh  costs  would  vary  greatly  on  different  miiu's,  but  he  estimated 
the  cost  of  running  the  '*('"  blast  at   id.  per  minute.     At  tirst 
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sight  the  cost  might  appear  somewhat  alarming,  but  it  must  be 
conceded  that,   in  order  to  control  conditions  affecting  health, 
some  money  must  be  spent.     The  amount  of  compressed  air  used 
bv  a  water-blast  system  properly  organized  could  be  to  some 
extent  controlled,  whereas  the  old  method  of  blowing  out  places 
with  the  air  hose  was  very  wasteful  of    air,  besides  having  the 
effect  of  stirring  up  large  quantities  of  dust.     On  the  South  mhie 
the  men  started  the  blasts  when  they  fired,  and  after  they  had 
run  for  the  fixed  length  of  time  for  the  level  the  bosses  turned  off 
the  valves  in  the  mains.     The  local  problem  of  dust-allaying  differed 
from   that   of   Johannesburg  in   an   important  respect.     Whereas 
Broken  Hill  dust  from  sulphide  ore -bodies  contained  only  about 
50%  of   insoluble — silica  and   silicates — against  95%  in   South 
Africa,  it  also  contained  sulphide  of  lead,  which  might  have  an 
important  bearing  on  the  incidence  of  lead-poisoning.     The  Clifton 
Dust  Collector. — He  regretted  that  Mr.  Hanton  should  have  lost 
his  admiration  for  the  Clifton  rising  apparatus  as  a  result  of  his 
experiences  with  it.     However,  he  did  not  think  it  could  be  said 
that  the  apparatus,  in  its  present  form,  had  yet  been  tried  out 
sufficiently   under   working   conditions.      The    original   apparatus 
made  by  Clifton  was  given  to  a  party  of  rise  miners  on  the  Broken 
Hill  South  mine,  who  used  it  to  carry  up  an  inclined  rise  for  a 
distance  of  some  30  or  40  ft.     The  miners  used  the  apparatus 
right  through,  and  spoke  of  it  in  a  respectful  manner.     That  fact, 
of    course,   influenced   them    in    trying   to   further  develop    the 
apparatus.     All  the  local  mines  were  represented  at  the  various 
tests  of  the  apparatus  held  at  the  South  and  Junction  mines,  and 
it  was  finallv  approved  in  its  present  form  by  the  Underground 
Managers'    Sub-committee    of    the    Mine    Managers'    Association. 
However,   as   Mr.    Hanton's   criticism   was   based   upon    personal 
experience,  it  must  be  treated  with  respect.     (1)  Bad  joint  with 
back. — It  was  early   realized  that    the  apparatus  could  not  be 
efficient  unless  a  good  joint  were  made  in  order  to  prevent  leakage 
of   both   dust   and  water.     The   sponges  used  were   simply   toilet 
sponges  split  and  sewn  round  the  top  of  the  dish.     The  experi- 
mental  results   were   good.     No   doubt    better   efficieney    in   that 
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respect  could  be  obtained  by  using  a  soft  cellular  rubber  ring 
designed  for  the  job.  (2.)  It  was  admitted  that  the  apparatus 
was  likely  to  prove  a  little  inconvenient  for  side  and  comer  holes, 
especially  in  a  rise  only  0  ft.  x  4  ft.  Some  relief  from  that  difficultv 
could  be  had  by  setting  the  machine  in  from  the  side  of  the  rise 
and  allowing  the  holes  to  lock  back  some  4  to  6  in.  in  a  cut.  (3.) 
As  Mr.  Hanton  said,  **  Under  the  best  of  conditions  it  was 
difficult  to  collar  a  hole  exactly  where  desired."  Thev  could  not 
have  everything  exactly  as  they  would  like  it.  (4.)  Lack  of  space 
in  a  rise,  to  be  dealt  with  later.  (5.)  The  iron  or  steel  threads  of 
any  machine  in  a  mine  must  be  kept  well  oiled,  to  prevent  rusting. 
(6.)  AVearing  of  rubber  sleeve  and  sponges. — The  efficiency  of  the 
apparatus  did  depend  on  those  parts  to  a  considerable  extent. 
Fortunately,  they  were  easily  replaced  at  low  cost.  It  was  under- 
stood that  the  supervision  should  be  sufficiently  good  to  relieve 
the  miner  of  the  responsibility  of  deciding  when  those  parts  should 
be  replaced.  (7.)  Water  running  out  from  dish  when  changing 
steels. — It  should  not  be  hard  to  overcome  that  inconvenience. 
(8.)  Water  played  only  round  the  collar  of  the  hole,  it  was  true. 
It  was  also  true  that  the  outside  jet  gave  very  little  better 
efficiency  when  used  on  rise  holes.  It  often  happened  that 
miners,  sooner  than  be  bothered  with  the  jet  in  rises,  would  bore 
dry.  (0.)  As  stated  above,  the  original  Clifton  collector  was  tried 
out  in  an  inclined  rise.  Bound  up  with  the  discussion  of  the 
merits  of  that  apparatus  was  the  whole  question  of  rising.  Local 
miners  had  a  violent  antipathy  to  working  in  rises,  and,  in  his 
opinion,  justifiably  so.  As  rises  could  not  be  entirely  done 
without,  it  was  wise  to  make  the  conditions  of  work  in  such  places 
as  attractive  as  possible.  That  could  only  be  done  by  increasing 
the  size  to  provide  for  two  compartments,  giving  the  men  ample 
stage  accommodation,  room  to  work  in  comfort,  and  adequate 
ventilation.  Axial  water-feed  machines,  while  dealing  with  the 
dust,  were  wet  to  work  under,  and  it  was  hojx^d  that  the  Clifton 
dust  collector,  whirh  was  tho  best  apparatus  of  its  sort  yet 
devised,  and  which,  doubtless,  was  capable  of  further  im|>rove- 
ment,  would  serve  to  make  rising  a  mnn^  accoptable  occupation 
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for  miners.  The  popper  Clifton  dust  collector  was,  of  course, 
of  far  more  importance  to  managers  because  of  its  vastly  greater 
field  of  use.  It  was  at  present  used  by  every  ore-breaking  party 
on  the  South  mine,  and  was  very  popular  with  the  miners.  In 
answer  to  queries,  he  could  say  definitely  that  it  had  rendered 
popping  a  one-man  operation  on  that  mine.  The  introduction  of 
axial  water-feed  poppers  with  automatic  rotation  would  render 
the  popper  Clifton  unnecessary,  but  it  should  be  remembered  that 
such  machines  were  heavier,  cost  more  to  run,  and  were  more 
likely  to  get  out  of  order  than  hand-rotated  poppers  of  the 
AVaugh  22P  type.  Humidity  of  Mine  Air  After  Using  Water 
Blasts. — The  use  of  water  blasts  after  firing  in  working  places 
always  resulted  in  the  air  in  such  places  becoming  temporarilv 
saturated  with  moisture,  accompanied  by  a  slight  drop  in 
temperature,  due  both  to  the  cooling  effect  of  absorption  of 
moisture  and  the  adiabatic  expansion  of  compressed  air.  The 
South  African  Chamber  of  Mines,  in  a  recent  statement,  said  : — 
"  It  is  important  that  all  rock  surfaces  throughout  the  mine  should 
be  kept  damp,  and  this  can  only  be  accomplished  if  the  air  is 
saturated  with  moisture,  or  nearly  so.  No  practical  amount  of  hosing 
and  watering  of  drives,  stopes,  &c.,  can  be  effective  in  the  presence  of 
a  current  of  dry  air.  As  a  rule  the  simplest  means  of  conveying 
moisture  to  the  air  is  to  keep  the  downcast  shafts  thoroughly  wet, 
and  to  instal  sprays  at  suitable  points  in  the  main  in-take  air-ways." 
However  desirable  it  may  be  from  a  dust-allaying  point  of  view 
to  fill  the  mine  with  saturated  air,  they  all  knew  that  sucli  air 
w^as  undesirable  from  a  physiological  point  of  view,  unless  it  had 
either  a  low  temperature  or  considerable  velocity.  Good  ventila- 
tion could  only  be  obtained  by  the  provision  of  an  adequate  supply 
of  air  directed  through  the  working-places.  When  such  conditions 
of  ventilation  existed,  as  they  should,  in  order  to  secure  efficient 
working  results,  he  did  not  think  that  the  humidity  caused 
by  water  blasts  need  occasion  any  great  concern  in  a  well- 
ventilated  mine,  for  the  following  reasons: — (1.)  Water  blasts 
did  not  run  during  all  the  shift,  but  for  15  minutes  or  so  at  firing 
time.     If  sufficient  attention  had  been  paid   to   ventilation,  the 
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air,  which  was  claimed  to  be  completely  saturated,  was  readilv 
removed  from  the  mine.  (2.)  The  condition  of  the  air — i.e., 
saturated  or  otherwise — in  a  mine  depejided  upon  the  quantity 
of  moisture  in  the  country  rock  and  wet  filling,  and  the  addition 
of  any  water  supplied  by  means  of  a  water  blast  was  practicallv 
not  worth  considering.  (3.)  If  water  blasts  which  were  used  for 
only  lo  minutes  in  a  shift  were  going  to  upset  the  average  con- 
ditions in  a  working  face,  it  would  seem  advisable  to  refrain  from 
using  water  in  drilling  operations,  which  were  conducted  for  prac- 
tically the  whole  shift.  The  average  relative  humiditv  of  a  set  of 
readings  taken  recently  hi  20  stopes  was  87.5  %.  The  readings 
were  obtained  between  1  and  2.30  p.m.  The  average  for  those 
places  in  which  water  blasts  had  been  used  at  the  crib  time  firing 
— viz.,  50  % — was  8().85  %  relative  humidity. 

Mk.  W.  I).  Whiteman  said  that,  after  reading  Mr.  Warren's 
paper,  he  took  it  that  the  author  indicated  that  there  should  be 
aJi  least  one  blast  in  every  stope,  irrespective  of  the  air  passing 
through  it.  He  (the  speaker)  was  not  altogether  in  favour  of  the 
use  of  those  blasts  except  in  developmental  or  dead-end  places, 
or  any  places  where  there  was  not  sufficient  air  current  to  remove 
the  fumes  and  dust.  In  regard  to  the  velocity  caused  bv  the 
blast,  his  point  in  that  respect  was  rather  more  in  connection 
with  the  correlation  of  the  tests.  He  was  trying  to  see  what 
the  actual  extraction  of  the  dust  in  that  air  was,  after  passing 
through  the  blast.  He  would  suggest  taking  tho  sample 
immediately  after  it  came  from  the  winze  before  passing  through 
the  blast,  and  then,  say,  half  a  minute  later  at  the  sampling-point, 
and  noting  the  extraction,  in  order  to  arrive  at  a  comparative 
result  with  the  non-blast  test.  That  was  the  point  he  stressed 
in  the  first  instance.  In  regard  to  the  fume  from  the  explosion, 
he  thought  it  was  just  as  important  to  get  that  out,  from  the 
point  of  view  of  comfort  to  the  men,  as  it  was  to  get  the  dust  out. 
Another  point  was  in  regard  to  the  occurrence  of  lead  dust.  Ho 
l)elieved  that  lead  particles  would  fall  (piicker  than  dust  particles, 
owing  to  their  greater  specific  gravity,  and  a  man  would  not  be 
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liable  to  iiihale  as  great  a  number  of  lead  particles.  In  regard  to 
relative  humidities  with  and  without  the  use  of  water  blasts,  it 
appeared  to  him  that  wat^r,  when  it  was  reduced  to  a  verv  fine 
state  of  division,  would  lend  itself  much  more  readily  to  absorp- 
tion and  be  taken  up  by  the  air,  than  it  would  trickling  down  the 
side  of  the  drives  or  in  the  form  of  water  from  boring.  He  had 
not  tried  to  work  out  what  volume  of  water  it  would  take  to 
saturate  a  given  quantity  of  air,  but  he  did  not  think  it  took  a  large 
quantity  over  and  above  normal  moisture  carried  to  fill  to 
saturation  a  space  such  as  a  stope. 

Mr.  Warren  supplied  the  following  figures  : — Temperature  of 
upcast  air,  79. 7G  after  saturating  ;  fan  capacity,  145,000  cub.  ft. 
per  min.  Assummg  the  fan  to  work  8  a.m.  Monday  to  10  p.m. 
Friday,  the  moisture  removed  during  that  period  would  be 
550  tons.  Assuming  that  the  men  would  require  60  blasts,  aver- 
aging running  time  of  15  minutes  per  day  each,  that  will  mean 
that  41  tons  of  water  are  used  in  those  water  blasts  during  that 
period,  which  amounts  to  about  7  %  of  the  whole  quantitv  of 
water  handled  through  the  fan. 

Mr.  Whiteman,  continuing,  in  regard  to  the  Clifton  apparatus, 
asked  Mr.  Warren  if  he  knew  of  any  apparatus  in  use  on  recipro- 
cating machines  in  South  Africa,  invented  by  Swift. 

Mr.  Warren  said  he  had  seen  one,  but  had  seen  no  results. 

Mr.  Whiteman  said,  in  regard  to  the  character  of  the  dust, 
it  had  been  mentioned  that  the  Broken  Hill  dust  was  about  50  % 
insoluble,  compared  with  South  Africa  95  %.  It  would  be  inter- 
esting to  note  that  point  in  developments  in  South  Africa  with 
regard  to  the  insoluble  contents  where  the  percentages  varied 
from  00  to  95  from  the  East  Rand  to  the  other  end,  and  ascertain 
whether  the  incidence  of  phthisis  was  less  marked  on  the  East 
Rand. 

.Mr.  T.  G.  Hanton  said,  regarding  the  aid  to  ventilation  which 
it  was  claimed  blast  "  C  "  afforded  in  isolated  stopes,  he  presumed 
that  the  quantity  of  air  flowing  into  the  stope  would  be  doubled 
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only  for  the  period  while  the  blast  was  working.  Thus,  whilst 
the  men  in  the  stope  would  derive  some  benefit,  the  improvement 
would  be  temporary  only.  He  could  not  quite  reconcile  the 
advantages  claimed  for  that  blast.  If,  on  account  of  its  high  air- 
consumption,  its  strength  was  such  that  the  end  was  washed 
out,  would  not  that  have  a  retarding  effect  on  the  settlement  of 
the  very  fine  dust  particles  ?  It  would  seem  that,  in  all  cases, 
any  ventilating  effect  obtained  from  the  use  of  a  water  blast  was 
only  temporary  and  purely  local.  Test  1  showed,  with  no  water 
blast,  180  particles  per  cc.  30  minutes  after  firing  ;  test  2.  with 
blast  ''  C  "  on  for  10  minutes,  showed  84  particles  per  cc. — both 
well  under  the  South  African  standard  of  300  per  cc.  As  men 
did  not  return  to  their  working-places  within  30  minutes  of  firing, 
it  would  seem  from  those  tests  that  the  use  of  a  water  blast  was 
uimecessary.  Blasting  operations  were  confined  to  two  periods 
of  the  shift — crib  time  and  knock-off.  Their  experience  of  the 
men's  crib  time  habits  was  that  they  never  had  crib  in  the  stupes, 
that  the  crib  place  in  the  level  was  invariably  free  from  fumes  and 
dust,  and  was  most  unlikely  to  be  in  any  place  traversed  by  dust- 
laden  air  in  its  passage  to  the  upcast.  It  appeared,  then,  that 
if  blasting  were  restricted,  as  at  present,  to  those  definite 
periods  of  the  shift,  ventilation  alone  could  deal  with  the  removal 
of  the  dust.  Regarding  the  use  of  a  water  ])last  in  stopes,  Mr. 
Warren  claimed  that  '*  at  least  some  good  service  in  dust-allaying 
was  achieved  in  that  manner,"  Would  it  be  sufficiently  great 
to  warrant  the  installation  of  blasts  in  stopes  ?  Would  not  an 
equally  good  effect  be  obtained  from  a  blast  at  the  stope  outlet 
only  ?  Concerning  popping  operations,  he  might  state  that  on 
the  Zinc  Corporation  those  were  almost  invariably  some  consider- 
able distance — up  to  100  ft. — behind  the  face.  The  mine  was 
worked  on  the  fathomage  system,  which  accounted  for  the  above. 
If  popping  were  close  to  the  face,  one  worry  on  that  mine  would 
be  eliminated.  Regarding  the  duration  of  contracts,  for  some 
years  past — he  thou^jht  since  the  award  of  Mr.  Justice  Higgins, 
in  191  <) — the  memljers  of  the  local  Miners'  Union  had  l)een 
instructed  not  to  accept  contracts  for  a  longer  period  than  a  fort- 
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night.  Since  then  fortnightly  contracts  had  been  the  rnle  on  all 
the  local  mines.  AVith  reference  to  the  installation  and  main- 
tenance of  water  blasts,  their  experience  on  the  Zinc  Corporation 
mine  had  been  limited  to  such  a  short  period,  comparatively, 
that  they  could  say  little  on  the  question  of  costs.  Concerning  the 
use  of  the  Clifton  apparatus  in  rises,  he  feared  that  Mr.  Warren 
and  he  would  simply  have  to  continue  to  differ,  except  in  that 
they  both  agreed  that  the  apparatus  was  capable  of  improvement. 
He  happened  to  be  present  at  the  test  of  the  Clifton  in  its  present 
form  at  the  South  mine.  It  w^as  only  a  closer  acquaintance,  under 
working  conditions,  that  impressed  upon  him  the  disabilities  he 
mentioned  previously.  Mr.  Fairweather  stated  that  the  industry 
was  undoubtedlv  faced  with  increased  costs,  but  was  likewise 
confident  that  it  would  survive  that  condition.  He  agreed  with 
him  that  the  introduction  of  improved  machinery,  particularly 
rock-drilling  machinery,  would  be  one  of  the  most  important 
factors  in  ultimately  reducing  costs.  Although  the  Clifton  may 
be  an  excellent  device  for  using  up  the  present  stock  of  poppers, 
was  not  that  to  be  regarded  as  a  temporary  measure  only,  and 
would  not  the  real  remedy,  as  suggested  by  Mr.  Fairweather,  be 
in  the  introduction  of  machines  which  would  be  efficient  in  dust- 
allaving  capacity  and  boring  speed.  He  would  like  to  digress 
slightly  from  the  dust  question  to  say  that,  as  far  as  drill  steel 
was  concerned,  the  results  obtained  from  internal  water  feed 
were  very  much  superior  to  those  of  the  external  jet.  As  far  as 
rising  was  concerned,  at  the  time  of  cessation  of  rising  work,  due 
to  the  decision  of  the  local  Miners'  Union,  six  rises  were  in 
progress  on  the  Zinc  Corporation,  and  that  class  of  work  was 
eagerly  sought  after.  Rising  was  an  essential  feature  of  mining 
operations.  Provided  equal  precautions  were  taken,  why  should 
rising  be  any  more  injurious  than  winzing  ?  They  had  seldom 
found  miners  in  rises  boring  dry.  However,  if  a  rise  miner  would 
not  use  a  simple  jet,  he  could  hardly  be  expected  to  be  bothered 
with  the  more  troublesome  ('lifton.  Regarding  the  size  of  ris(;s, 
()  ft.  X  4  ft.  had  been  found  ample  for  requirements  on  the  Zinc 
O^rporation.     All   rises  there,  exceeding   15   ft.   in   height,   weic; 
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caiiied  up  in  two  conipaitments.  That  had  been  tlie  practice  for 
many  years.  As  regards  size,  the  trouble  on  the  Zinc  Corporation 
had  been  to  see  that  the  rise  did  not  fall  below  the  contract  size 
of  i)  ft.  X  4  ft.,  as  the  men  would  adopt  any  device,  even  to  cutting 
the  standard  timber  provided,  to  prove  that  they  could  work  in 
a  still  smaller  space.  With  reference  to  the  Clifton  appantus 
for  popping  as  compared  with  axial  water-feed  machines  of  the 
self-rotating  type,  he  might  mention  that,  for  the  Zinc  Corpora- 
tion ore,  the  boring  speed  of  the  self -rotated  machine  was  con- 
siderably greater  than  that  of  hand-rotated  machines  of  the 
Waugh  22 P  type.  Their  experience  had  been  that  the  self- 
rotated  machines  were  easier  to  keep  in  order  than  the  22P.  The 
difference  in  weight  was  not  very  great — 40  to  42  lb.  for  the 
self-rotating  type,  as  compared  witli  .*53  to  'X^\  lb.  f<jr  the  22P. 
Since  the  introduction  of  self-rotated  machines  their  miners  prac- 
tically refused  to  use  the  AVaugh  22P.  He  was  informed  also 
that  the  Denver  Rock  Diill  Co.  was  taking  the  AVaugh  22 P  off 
the  market  in  favour  of  a  machine  with  automatic  rotation. 
Regarding  moisture  in  mine  air,  and  the  passage  from  the  South 
.Vfrican  Chamber  of  Mines  that  Mr.  Warren  had  ([uot-ed,  the 
paragraph  in  (piestion  concluded: — "At  present  the  phenomenon 
cannot  be  relied  upon,  but  further  knowledge  may  enable  us  to 
make  use  of  it.''  However,  he  fancied  no  one  questioned  the 
efficacy  of  moisture  for  dust-allaying,  but  dust  was  only  one 
consideration  in  underground  work,  and  excess  zeal  in  dust- 
allaying  might  give  ris(^  to  a  new  set  of  conditions  ])hysiologically 
worsen  than  the  old.  As  regards  Sfpiare-set  sto))es,  there  were 
very  few  on  the  Zinc  Corporation,  mainly  those  in  which  the  bridge 
of  ore  under  a  level  was  removed.  He  did  not  think  any  ex- 
tension of  the  system  was  contiMnplatt^d.  In  connection  with  the 
removal  (d  saturat«*(l  aii'  from  the  miiu',  which  Mr.  Warrem 
claimed  was  (juickly  effect^ul  if  sufiicient  attention  had  bciMi  ])aid 
tx)  ventilation,  then,  ])rnvid«Ml  that  firiiiLC  was  rcgnlat«Ml.  wouhl 
not  ventilation  reinovt^  dust-huhMi  air  with  c(|ual  facility  ^  H  a 
wat<»r  blast  us<mI  2  gallons  of  water  ]km*  minute*,  or  'M>  gallons  in 
a  i.')-minuti^  run,  and,  say,  20  atomizers  were  working,  it  would 
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seem  that  the  aiklition  of  that  GOO  gal.  of  atomized  water  to  the 
inine  air  must  increase  the  humidity  to  some  extent.  The  question 
of  drilling  water  was  entirely  different  from  that  of  the  water 
from  water  blasts.  Drilling  water  was  not  fuiely  atomized,  and 
was  not  projected  into  the  air-current.  Mr.  AVarren  had  pointed 
out  that  it  was  not  a  question  of  ventilation  versus  water  blasts, 
but  rather  of  ventilation  aided  by  water  blasts.  Mr.  Warren  was 
fully  alive  to  the  benefits  of  ventilation,  as  he  had  made  it  clear 
that  he  considered  ventilation  essential.  He  (Mr.  Hanton)  had, 
however,  endeavoured  to  point  out  that  danger  might  arise  if 
ventilation,  or  the  physiological  benefits  derived  from  good 
ventilation,  were  retarded  by  the  indiscriminate  use  of  water 
blasts. 

Mr.  C.  H.  J.  Clayton  said  Mr.  Warren,  in  his  reply,  stated 
that  it  was  easy  to  count  dust  down  to  1  micron  in  size.  So  it  was, 
but  it  was  difficult  to  get  agreement  upon  the  number  of  particles 
per  cc,  and  extremely  difficult  to  determine  whether  it  was  water- 
pitting  one  was  counting  when  the  size  was  under  3  microns. 
They  might  easily  differ  by  as  much  as  100  %,  and  the  difference 
between  300  particles  and  600  particles  was  that  between  good 
and  only  fair  conditions.  As  stated,  1  micron  took  5  hours 
30  minutes  to  settle  through  the  height  of  a  drive,  it  was  so  free 
from  weight ;  and  on  the  contrary  it  also  rose  with  ease,  the  point 
being  that  dust  settled  in  the  stopes  was  stirred  up  with  every 
subsequent  firing  when  the  water  blasts  had  gone  forward  with 
the  stope.  It  was  better  to  get  such  dust  right  out  of  the  mine 
altogether.  The  dust  and  ventilation  problems  were  inseparable, 
and  must  go  hand  in  hand.  Any  action  taken  in  the  laying  of 
dust  must  of  necessity  be  looked  at  from  the  ventilation  aspect, 
if  it  was  the  better  preservation  of  health  they  were  striving  for. 
Were  these  tiny  particles  as  dangerous  in  Broken  Hill  as  they 
had  been  proved  in  South  Africa,  where  fibrosis  liad  to  be 
prevented  ?  AVere  th(\y  not  going  to  a  lot  of  trouble  and  expense 
to  combat  an  evil  whirh  existing  figures  point<;d  out  as  harmless, 
and  l>ecoming  more  tn)  every  year  as  their  ore-bodies  containtul 
less  and  less    silica  with  the  increase  in  the  depth  of    working. 
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Of  1)0  moil  examined  by  the  Commissiun  and  adjud^jed  l4»  In- 
suffering  from  the  first  stage  of  pneumoccniosis.  between  and 
mcluding  the  ages  of — 

29  and  37  there  are  12  men. 


38 

45 

23 

46 

50 

15 

51 

55 

15 

56 

60 

14 

63 

65 

8 

67 

68 

3 

Of  these  men,  34,  judging  from  their  histories,  had  in  all  prohabilitv 
contracted  the  disease  in  Broken  Hill,  while  the  remaijider  liad 
worked  underground  a  sufhcient  length  of  time  to  have  contracted 
the  disease  in  the  following  localities  (known  to  be  librotic  pro- 
ducers) : — 

Sewer  and  railway  tunnels  . .  . .  . .       5 

Quarries  . .  . .  . .  . .  . .  •     1 

Western  Australian  mines  . .  •. .  ..12 

Victorian  mines  . .  . .  . .  ..11 

Tasmanian,  New  Zealand,  and  New  South  Wales  gold 

mines  (1  each)     . .  . .  . .  . .       3 


o 


Ore -picking.  South  Australia 
Copper  smelting 
Queensland  mines 
English  mines 
South  Australian  mines 
Never  underground 
Of    14  men  examined  and  adjud;^MMl   to  be   suffering   from  peunu- 
coniosis,  stage  2,  by  the  Technical  Commission,  the  ages  were  :  — 
33  years  . .  . .  . .        I  man. 

35  years  . .  . .  . .  . .        I      . , 

Between  and  including  the  ages  of  37  to  45  years   . .      15  men. 
„  ..  .,  \i\  .,   50  II 

51*,,  .V)      ..  (.      .. 

„  .,         5r»  ..  <;o  <i 

,,  ,,  „         63  ,,  (Ki     ,,      . .       1     ., 
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Ot  tluvsc  mill,  i"^,  jiul^iuii;  lioiu  their  histoi-ies,  liacl  in  all  pjc)l)cibilitv 
contracted  the  disease  in  Broken  Hill,  while  the  remainder  liad 
worked  undergrouiKl  a  sntheient  length  of  time  in  the  followhig 
localities  to  have  contracted  the  complaint  :  — 

Sewers  and  railway  tnnnels  . .  . .  . .       4 


Victorian  mmes 

Tasmanian  mines 

Ore -picking,  Sonth  Anstralia 

English  mines 

AVestern  Anstralian  mines 

South  Australian  mines 

South  Africai\  mines 
Of  59  men  exam'ined  and  adjudged  to  be  suffering  from 
coniosis  complicated  with  tuberculosis  (or  should  it  be  tii 
complicated  with  pneumoconiosis?)  by  the  Technical  Commission 


18 
1 
3 
2 
1 


pneumo- 
berculosis 


the  ages  were 


1 

1 

23 

15 

7 
7 
1 


1 


34  years  . .                              . . 

3()      „ 

'M  to  45  years 

4(i    „   50  ,. 

51    „    55  ,, 

56    .,   ()0  „ 

<)4  years  .  . 
05      ,, 

(>y     „       .. 

70      „ 

Of  those  men,  10,  judging  from  tWw  histories,  had  in  all  probability 
contracted  the  disease  in  l^>roken  Hill,  and  of  that  Hi  two  had  never 
been  underground,  while  tlu^  nnnainder  had  work(ul  underground 
a  sufficient  length  of  time  in  the  following  localities  to  hav(^ 
contracted  the  complaint : — 

Sewers  and  railway  tiimicls  .  .  .  .        1 

Western  Australian  nynes  .  .  . .       0 

Victorian   mines  .  .      1'^ 

Tasmanian  min<s  .  .  . .        1 
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Ore-picking,  Soiitli  Australia        . .  .  .  .  .       1 

South  Australian  mines  . .  . .  . .       :; 

Lead  smelter,  South  Australia     . .  .  .  I 

South  Africa     . .  . .  . .  . .  . .        1 

English  mines  . .  . .  . .  .1 

Queensland  mines  . .  . .  . .  .  .       'J 

New  South  Wales  gold  mines     . .  . .  . .       '2 

He  would  not  deal  with  the  figures  relating  to  pulmonary  T.B. 
only,  nor  doubtful  pulmonary  T.B.,  as  the  incidence  of  dust  had 
very  little  bearing  on  the  complaint,  as  far  as  his  knowledge  went. 
In  his  opinion,  the  above  figures  sufficiently  showed  that  the  cry 
for  suppression  of  the  small  (under  5  micron)  particle  of  siliceous 
dust  was  not  justified  by  facts,  and  they  at  Broken  Hill  had  still 
to  discover  the  s'ze  of  the  particle  producing  the  complaints  arising 
from  the  minmg  of  their  zinc-lead  ore-bodies.  AVith  regard  to 
the  statement  that  their  huge  stoping-areas  favoured  the  use  of 
the  water  blast  in  stopes,  the  factor  of  ventilation  played  the  most 
prominent  part,  followed  secondly  by  the  difficulty  of  covering 
effectively  a  large  instead  of  a  limited  area.  With  rising  t<»m- 
peratures  in  their  large  stopes,  they  had  to  depend  upon  the  low 
humidity  content  of  the  ventilating  current  to  effectively  cool  the 
body.  They  could  not  get  velocity  of  current  in  the  wide  areas, 
and  so  cool  down  the  body  by  radiation  and  convection,  but  must 
depend  to  a  large  extent  upon  evaporation.  Secondly,  a  water 
blast  was  a  forlorn  object  in  a  huge  open  stope  KX)  ft.  wide  by 
anything  from  8  to  IG  ft.  high.  With  regard  to  its  use  in  stjuare- 
S(it  stoping,  the  impossibility  of  legislating  fairly  for  all  cases  was 
apparent,  for,  whereas  the  North  mine  had  ."30  "q  ^^^  sc|aare-set 
stopes,  the  Proprietary  1)0  ^q,  the  South  M)  "q'  ^^^^  '^•'^^'  Corpora- 
tion had  not,  up  to  date,  5%  of  such  stopes.  With  regard  to 
popping  l)eing  some  distance  behind  the  face,  his  previous  state- 
ment was,  of  course,  correct,  as  in  their  case  they  had  l)een  stoping 
with  the  fathomage  system  ;  and  if  the  water  blast  only  had  to 
intercept  the  dust  anywheres  in  the  stope  In'fore  it  got  to  the 
winze,  why  not  after  it  had  pa.ssed  through  the  winze  ?  Why 
introduce    more   gear   into   a    movable   place   exposed   to    blasting, 
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like  a  stope,  when,  if  they  were  necessary,  tlie  water  blasts  could 
be  permanently  located  outside  ?     During  the  last  fortnight  they 
had  built  two  bulks  at  the  entrance  to  a  drive  to  protect  the  water 
blast,  and  had  blown  them  both  do\\ai  with  the  cut  holes,  the 
face  being  correctly  bored  out  on  each  occasion.     They  had  blown 
3  water  blasts  to  pieces.     In  a  winze  they  had  blown  one  water 
blast,  to  pieces,  and  given  the  men  2  hours'  solid  baling  to  remove 
the  water  when  they  came  on  shift  at  4  p.m.     The  water-pressure 
varied  throughout  the   mine  over  wide  limits.     Wien  you  took 
water  dowii  a  winze  90  ft.  deep  yon  increased  the  pressure  39  lb. 
to  the  sq.  in. — vice-versa    up    in    a  stope — and  to  romxdy  the 
difference  in  pressure    cost  a  lot  of    money.      They  found    the 
installation    of    water  blasts    in    stopes  during    the    month    of 
December,    1920,    a     most     expensive     matter,    and     practically 
ineffective.     Dealing  with  the  question  of  humudity  and  its  effect, 
Mr.    "Warren     said: — (1.)    "It   would     be     removed    by  efficient 
ventilation/'      So  would   the   dust  if  it  was  not  damped  down 
ready  to  be  stirred  up  agahi.     It  was  his  (Mr.  Clayton's)  conten- 
tion that  dust  should  be  carried  right  out  of  the  mine  by  ventil- 
ating    currents.       (2.)    "  The    water    blast     did   not     practically 
saturate."     The  water  blast  atomized  the  water,  and  if  readings 
of  wet  and  dry  bulb  were  taken  before  and  after  using  the  water 
blast  there  would   be  a  considerable   increase  in  humidity.     (3.) 
"  Refraining  from  using  drilling  water  if  water  blasts  were  going 
to  add  to  the  humidity."     The  circumstances  were  quite  different. 
Drilling  water  was  not  atomized,  and  the  water  was  not  intro- 
duced   into   the   atmosphere.     Water-blast   water   was   atomized, 
and  was  brought  into  intimate  contact  with  a  large  quantity  of 
air.     Surely  Mr.  Warren  was  not  contending  that  water  blasts 
did  not  increase  the  humidity  of  the  aii-.     He  must  again  thank 
Mr.  AVarren  foi-  liis  paper,     if  tli(^  discussion  following  upon  the 
reading  of    a    paper    was  tho  measure  of    its    success    and    prac- 
tical utilitv,  he  should  l)e  gratified. 
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Part  I. 

NOTES    ON    Tl'NGSTEN. 

Introduction. 

Tungsten  occupies  an  outstanding  position  anionfr.st  inetal.-*  to-day, 
for  by  its  use  modern  manufacturing  methods  [lavc  received  a 
wonderful   impetus. 

Tlic  im|)ortant  part  played  by  tungsten  in  the  recent  war  is  not 
ponerallv  recognized.  It  was  tungsten  steel,  in  the  shape  of  high- 
speed tools,  that  kept  our  .soldiers  suj)plied  witli  munitions  of  war 
at  more  than  on«'  critical  period.  Tungsten  add<-d  the  necessary 
hardness  and  durahilitv  to  various  metals  whi<h  wert*  indispensable 
for  carrying  the  war  to  a  successful  conclusion.     In  the  words  of  Colin 

(^Thi«   paper  it   sepAtaiely   bound,    and    may  he,    it    to    desired,    d  lacbeJ  complete  fram 
thii  namber.]  a 
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Fink,  a  notable  American  metallurgist,  "  It  may  some  day  be  said 
that  tungsten  made  democracy  possible."  Now  that  peace  has  been 
achieved,  popular  interest  has  been  increased  in  the  metal,  due  to 
improved  methods  of  ])re])aration  and  the  increased  scope  of  its 
application. 

From  being  classified  amongst  the  rare  elements  some  twenty  years 
ago,  tungsten  has  leapt  into  prominence  amongst  industrial  metals, 
and  bids  fair  to  increase  its  importance  in  the  metallurgical  world. 
It  has  largely  received  this  prominence  through  its  use  in  the  steel 
industry,  and  at  a  later  period  as  a  filament  for  incandescent  electric 
lamps.  With  an  efficiency  of  over  five  times  that  of  the  carbon 
filament,  which  it  has  largely  displaced,  it  has  added  greatly  to  the 
convenience,  comfort,  and  welfare  of  man  generally.  Automobile 
ignition  equipments  have  accounted  for  the  use  of  a  considerable 
amount  of  tungsten  for  "  contact  points,"  likewise  a  large  number 
of  non-ferrous  alloys. 

There  are  several  factors  which  indicate  a  growing  consumption  of 
this  metal,  amongst  which  may  be  mentioned  : — 

(1)  The  purity  of  the  metal  which  is  now  obtainable. 

(2)  The  properties  peculiar  to  the  metal  which  are  in  great 

demand    by   the   chemical  and  electro-chemical   markets, 
and 

(3)  The  new  uses  which  are  continually  being  developed  by 

research. 

Occurrence. 

The  name  "  tungsten  "  is  of  Swedish  origin,  meaning  "  heavy 
Htone."  It  was  originally  a])plied  to  calcium  tungstate  (scheelitc), 
on  account  of  its  high  specific  gravity.  Tungsten  does  not  occur 
native.  The  discovery  of  tungsten  is  credited  to  the  Swedish  chemist 
Schcj'le  in  1781,  but  it  was  considered  a  rare  element  until  about 
lH.^0,  when  some  steel  allovs  were  made.  However,  it  was  not  until 
Hadfield,  in  1903,  reported  the  results  of  extensive  tests  of  tungsten 
8t€el  that  the  industry  developed  to  any  extent. 

ORES    OF   TUNGSTEN. 

In  sum*'  types  of  ore-deposits  tungsten  minerals  are  of  frccpient 
occurrence,  but  in  the  aggregate;  the  amount  of  metal  present  is  small. 
It  i8  combined  with  other  elements  in  eleven  minerals,  the  principal 
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of  which  are  wolframite  (FeMn)  WO^,  and  scheelite.  CaWO^.  Both 
these  minerals  have  been  found  in  the  Broken  Hill  lode,  but  only 
in  small  quantities  coneentrated  in  a  small  area.  For  the  purposes 
of  this  ])aper  the  writer  jiroposes  to  deal  more  particularly  with 
scheelite.  This  mineral  crystallizes  in  the  tetragonal  system,  crystals 
usually  octahedral  in  form.  It  also  occurs  reniform  with  columnar 
structure  and  massive,  or  granular.  It  has  a  hardness  of  4.5  to  5, 
and  is  remarkable  amongst  non-metallic  minerals  for  its  high  specific 
gravity — 5.9-6.  Lustre  vitreous,  inclining  to  adamantine.  Colour 
white,  yellowish-white,  pale  yellow,  brownish,  greenish,  reddish, 
sometimes  almost  orange-yellow.  Streak  white  :  translucent,  trans- 
parent ;  fractun*  uneven.     Brittle. 

Composition,  CaWO:^-  tungsten  trioxide,  80.H,  lime   19. -4  —  1(M>, 

\y(jlframite.-   {Fe^ln)   WO^. 

The  wolframite  series  comj)rise  : — 

Wo/frrimite  (80%  to  20%  FeWO^,  20%  to  80%  MnWO^). 
Fvrherite  (80%  to   10(3  ^^^  FeWO^,  20";,  to  0  «„  MnWOJ. 
Ilulmerite  (20  «„  ^^  <^  "o  FeWO^,  80  "^  to   KK)",,  MnWO^). 
The    wolframites   have    been   shown   to   form   a   complete   series   with 
an  infinite  number  of  members,  from  FeWO^   to  .MnW()4. 

Wolframite.  Monoclinic,  crystals  commonly  tabular,  also  prismatic. 
Often  in  bladed  crystals  :  also  irregular  lamellar  :  coar.se,  divergent, 
columnar,  massive,  granular.  Cleavage,  verv  perfect  :  fra(  ture 
uneven.  Brittle.  Hardness. — 5-5.5.  Si)ecitic  gravity,  7.2-7..J. 
Lustre  sub-metallic  resinous.  Colour  dark  greyish  or  brownish-black, 
brownish-red,  streak  nearly  black  or  dark  reddish-brown.  Opacpie. 
Sometimes  weaklv  magnetic. 

Frrhente.  Monoclinic,  mas.sive,  granular,  cleavage  pcrfMt. 
Hardness,  1-4.5.  Specific  gravity,  0.8-7.1.  Colour  black.  Streak, 
brownish-black  to   blackish-brown. 

Hubnerite. — Monoclinic,  crystals  usually  in  bladed  forms.  Colour, 
brownish-red  to  nearly  black.  Streak,  yellowish-brown.  Gives  a 
strong  reaction  for  mangane.se.     Specific  gravity.  7.2-7.5. 

Chkmistry. 

physk  al  ('h.\rartp:risti(s. 
The  atomic  weight  of  tungsten  is   183.0,  the  chemical  symbol   W. 
It   is  ordinarily   obtained   as    a    powder,   or    semi-fused,   crystalline, 


104  HERBERT    LAYERS 

brittle  metal ,  harder  than  glass,  and  having  a  specific  gravity  of 
between  1(>  and  17.  The  properties  of  pure  ductile  tungsten  are 
entirely  different  from  those  of  the  powdered  *or  cast  metal.  The 
hardness  varies  from  4.5  to  8  (razor  steel  is  about  6).  The  density 
of  pure  wrought  tungsten  ranges  from  19.3  to  21.4.  For  comparison, 
aluminium  has  a  density  of  2.7,  lead  11.4,  and  gold  19.3.  The  melting 
point  is  3177^'  (\.  and  is  higher  than  any  other  metal.  Tungsten 
becomes  more  malleable  after  being  heated  and  hammered,  and 
increases  in  ductile  strength.  Under  suitable  treatment  it  can  be 
drawn  into  wires  having  a  diameter  of  only  0.0004  in.,  or  about 
one-fifth  the  average  diameter  of  a  human  hair. 

REACTIONS    WITH    ACIDS. 

Tungsten  is  unaft'ected  by  air  or  oxygen  at  ordinary  temperature, 
but  at  red  heat  it  burns  with  incandescence  in  air  or  oxygen. 
Sulphuric  acid,  boiling  dilute,  has  no  effect  on  it.  Sulphuric  acid, 
boiling,  concentrated,  attacks  very  slowly.  Hydrochloric  acid, 
boiling,  concentrated,  attacks  slowly,  ))ut  neither  strong  nor  dilute 
affect  it  at  ordinary  temperatures.  Hydrofluoric,  concentrated  or 
dilute,  has  no  effect.  Nitric  acid,  concentrated  or  dilute,  has  no  effect. 
A  mixture  of  concentrated  nitric  acid  and  hydrofluoric  attacks  rapidly. 

Minerals  containing  tungsten  may  be  opened  out  with  fusion,  witli 
alkalies  or  alkaline  carbonates,  or  by  solution  in  mixtures  of  acids. 

QUALITATlV^E    DETECTION. 

in  the  case  of  minerals,  the  finely-divided  j)owder  is  boiled  with 
concentrated  hydrochloric  acid  until  insoluble  yellow  tungstic  acid 
is  formed.  Metallic  zinc  or  tin  is  added  to  the  solution,  and  if  the 
tungsten  is  present  in  aj)pre(iable  quantities  a  blue  colour  is  formed. 
(Tin  is  preferable  to  zinr,  as  the  reducing  action  is  slower;  the  zinc 
may  quirkly  reduce  the  tungsten  to  the  brown  WO.j,  and  the  inter- 
mediate bliH'  colour  may  pass  unnoticed.)  C'olumbium  and  varuidium 
give  a  similar  blu<*  colour,  and  molybdenum  and  titanium  give  a 
violet  colour,  so  that  if  tungsten  is  present  in  only  small  (juantities 
the.se  should  be  removed  by  the  following  procedure: — Tlie  alkali 
extract  in  water  is  filtered,  the  solution  acidified  with  dilute  HC'l 
and  boiled.  The  f>reci|jitatc  formed  may  contain  Sb,  Mo,  Nb,  Si02, 
Ta,  Sn,  and  W.  This  is  filtered,  and  the  moist  residue  treated  with 
u  solution  of  yellow  (NH^j   ^S.     Sb,  Sn,  Mo,    and   W   pass   int(»  tlie 
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filtrate  ;  Nb  and  Ta  remain  on  the  filter.  The  ammoniacal  sulphide 
extract  is  acidified  with  HCl  and  boiled.  The  precipitate  is  filtered 
and  washed  with  a  little  HC'l  and  HNO3.  Sb,  Mo,  and  Sn  pass  into 
the  filtrate,  whilst  W  and  S  remain  on  the  filter.  W  is  confirmed  as 
follows,  portion  of  the  residue  being  taken  in  each  case  : — 

(1)  The  residue  is  suspended  in  dilute  HCl,  and  a  piece  of  Sn 
placed  in  the  solution  and  warmed.  In  the  presence  of  tungsten  a 
blue-coloured  solution  is  formed. 

(2)  A  j)ortion  of  the  precipitate  is  warmed  with  NH^HO  and  the 
extract  absorbed  with  strips  of  filter  paper.  These  .strips  are  treated 
thus : — 

(a)  A  strip  of  this  paper  is  moistened  with  dilute  HCl  and 
warmed.  In  the  presence  of  tungsten  it  gives  a  yellow 
coloration. 

(h)  A  second  .strip  is  moistened  with  SnClg,  and  if  tungsten 
be  ])resent  gives  a  blue  coloration. 

(c)  A  third  strip,  dipped  in  cold  ammonium  sul})hide,  remains 
unchanged  until  warmed,  when  the  pa])er  turns  bluish- 
green  in  the  presence  of  tungsten. 

(  OMPOl'NDS    OF    TINGSTEX. 

Tungsten  is  known  to  form  a  number  of  oxides,  the  se})aratc 
existence  of  which  is  not  definitely  settled.  The  only  oxides  which 
are  definitely  known  are  WOo,  W2O3,  and  WO3. 

Tunysten  Dioxide.-  \\() 2  niay  be  j)repared  by  the  reduction  of  the 
trioxide  or  an  alkaline  meta  tungstate  with  zinc  and  HCl.  Pre])ared 
in  the  wet  way,  WOo  is  a  copper-red  colour  ;  prepared  in  the  dry  way 
it  is  a  brown  powder. 

Blue  Tunystic  Oxide,  Wg^a?  i"^  formed  when  ^03  is  reduced  with 
hydrogen  at  250~-30(J-.  It  is  readily  oxidized  to  WO3.  The  hydroxide 
^Vs^^mHjO,  a  dark  blue  powder  with  a  }jurple  lustre,  is  formed  when 
tungstic  acid  is  reduced  with  SnCL    and  HCl. 

Tnnqsten  Trioxide,  WO3.  This  occurs  naturallv  as  tungstite,  also 
ill  the  form  of  tungstates  in  wolfram  and  scheelite.  It  may  be 
prepared  by  calcining  in  contact  with  air,  the  lower  oxides,  the  metal, 
a  sulphide,  or  its  hydrate  (tungstic  acid).  WOg  is  the  most  important 
compound  of  tungsten.  It  is  canary  yellow  in  colour  at  ordinary 
temj)eratures,  and  orange-coloured  when  heated.  A  greenish  tint  is 
an  evidence  of  impurity,  due  often  to  the  presence  of  salts  of  sodium. 
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It  is  fusible  with  difficulty,  and  insoluble  in  H^O.  HCl,  HNO3,  and 
aqua  recjia,  but  soluble  in  HF,  KOH,  KoCOg,  NH^OH  (NH^).,, 
CO3,  and  (XHJ^8. 

T'.DKjstic  Aci<L  H^WO^.  nuiy  be  obtained  ])y  precipitating  a 
solution  of  a  tungstate  with  excess  of  hot  acid.  If  cold  acid  is  used 
the  white  hydrate  H0WO4,  H^O  is  formed,  from  which  the  acid  may 
be  obtained  by  boiling.  It  is  insoluble  in  HNO3,  and  very  slightly 
soluble  in  HCl.  Soluble  to  greater  extent  in  HF,  and  readily  soluble 
in  solutions  of  caustic  alkalies.  Tungstic  acid  may  be  obtained  from 
tungsten  minerals  by  heating  the  fine  powder  with  concentrated 
.solutions  of  the  caustic  alkalies  and  then  separating  the  tungstic  acid 
by  fractional  ])recipitation  with  acid. 

Co/foifJa!  Tuuf/stic  Acid. -Co\\o'\da\  tungstic  acid  may  be  prepared 
by  adding  HCl  to  neutralize  the  soda  in  a  5  %  solution  of  NagWO^ 
and  dialvsing.  The  solution  may  be  evaporated  to  a  jelly  and  heated 
to  200^  C.  without  losing  its  solubility.  At  a  red  heat  it  is  converted 
into  the  trioxide.  Solutions  containing  colloidal  tungstic  acid  are 
not  coagulated  by  adding  salts  or  acids  when  boiling.  It  probably  has 
the  formula  of  meta-tungstic  acid — H.^W^Ois,  tH^O.  The  precipita- 
tion of  tungstic  acid  from  solutions  of  alkaline  tungstates  islikely  to 
be  incomplete  because  of  (1)  colloidal  tungstic  acid,  (2)  silico,  phospho, 
arseno,.  tungstates,  etc.,  (3)  meta-tungstic  acid  (H2W4O13,  tH^O). 

Complex  tungstates  with  ])hosphates,  arsenates,  borates,  sihcates, 
etc.,  are  very  numerous.  These  com])lex  tungstates  are  stable  in 
neutral  and  acid  solutions,  but  alkalies  resolve  them  into  their  con: 
stituent  salts. 

Potassium  tunrfstate,  K2^yO^,  is  a  white  salt  fusible  at  a  red  heat,; 
and  then  capable  of  taking  up  more  WOj.  It  becomes  more  fusible 
as  it  takes  up  more  WO  J.  It  is  soluble  in  its  own  weight  of  cold 
HjO,  and  has  a  strong  alkaline  reaction. 

Sodium  tungHlnte^  A'a^lTO^,  is  a  white  salt  like  the  jmtash  one. 
Ammonium  tunfjstate  probably  exists  in  solution  when  tungstic  acid 
is  dis.solved  in  ammonia.  Ammonium  paraivng state,  r){N  11^)0^, 
I2WO3,  iiH^O,  is  only  slightly  soluble  in  water.  All  the  ammoniacal 
tungstates  leave  tungstic  oxide  on  ignition  in  air.  With  the  excc|)tion  of 
Mg\V04,  the  tung.states  and  j)aratungstates  of  the  other  metals  are 
insoluble  in  water  and  dilute  acids.  Strong  acids  decompose  them  with 
the  formation  of  tungstic  aci(j[.    r)rganic  a^idsdo  not  effect  this  change. 
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Mercurous  tungslate,  Ilg^WO^,  is  easy  to  work  with  and  con- 
venient for  separating  tungstic  acid  from  solutions.  It  leaves  the 
o.xide  WO3  on  ignition. 

Silico-tungstic  acid,  ^H^O,  SiO.^,  12W0^,  is  very  soluble  in  water. 
It  may  be  evaporated  and  dried  at  a  temperature  of  350°  C.  without 
losing  it^  solubility  ;  at  higher  temperatures  it  is  decomposed  into 
SiO^   and  WO3.     Mercurous  silico-tunqstate  is  insoluble. 

Metallurgy. 

Tungsten,  despite  its  high  melting-point  (3177"  C),  readily  alloys 
with  steel,  and  ferro-tungsten  assimilates  yet  more  readily  with  molten 
steel  ;  90  °q  of  the  tungsten  extracted  from  its  ores  goes  into  high 
tungsten  alloys  with  iron. 

Tungsten  steel  is  used  for  the  manufacture  of  self-hardening  tools 
the  temper  of  which  is  not  impaired  by  heat,  and  as  a  consequence 
may  be  driven  much  faster  than  carbon  steel  when  used  as  machine- 
cutting  tools. 

Tungsten  steel  is  capable  of  a  higher  degree  of  magnetization  than 
any  other  steel.  It  resists  atmospheric  corrosion  and  the  effects  of 
sea-water  to  a  remarkable  degree. 

A  tungsten  steel  with  5-6  ^^  tungsten  is  very  hard  and  tenacious, 
hut  workable;  with  10-12%  tungsten  the  steel  is  so  hard  that  it 
cannot  be  worked  with  the  lathe,  and  has  therefore  to  be  forged  or 
grouii<l. 

ORE    (•ON('ENTR.\TIOX. 

Tungsten  ore,  often  associated  with  numerous  other  minerals,  is 
usually  separated  from  these  and  concentrated  by  some  process  of 
wet-dressing.  This  concentration  often  results  in  an  accumulation 
of  other  heavy  minerals  with  the  tungsten  ore.  and  further  treatment 
is  necessary  to  make  a  marketable  product.  Wolfram  ores  are  usually 
slightly  magnetic,  and  in  this  case  can  be  removed  by  means  of  an 
electro-magnetic  separator.  The  losses  in  dressing  tungsten  ores 
arc  often  high  on  account  of  the  j)roduction  of  excessive  slime. 

.METALLIC    TUNGSTEN. 

(ireat  care  has  to  be  exercised  in  the  production  of  metallic  tungsten 
at  every  stage  in  order  to  minimize  heavy  losses  of  valuable  material. 
Tungsten  is  produced  in  rountl  shapes  from  0.080  wire  uj)  to  j-in.  rods, 
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also  in  sheets  for  special  })ur])oses  if  so  desired.  The  metal  is  a  pure, 
wroiiizht.  ductile,  tibrous  substance,  and  may  be  welded  at  a  yellow 
heat. 

TECHNICAL   CHARACTERISTICS. 

Density,  19.3  to  21.4. 

Melting-point,  3177°  C. 

Boiling-point,  3700°  C. 

Specific  heat,  0.0358. 

Hardness,  4.5-8.0  (Moh's  scale). 

Insoluble  in  HCl,  H.SO4,  HNO3,  NaOH,  KOH  (aqueous), 
K.^Ct^Ot  +  H0SO4.  Soluble  in  mixtures  of  HF  and  HNO3  and  in 
fused  nitrates,  nitrites,  and  peroxides. 

Cast  tungsten,  or  that  in  the  form  of  powder,  has  properties 
differing  widelv  from  the  pure  wrought  metal  used  in  the  production 
of  metallic  filaments,  etc. 

The  manufacture  of  the  tungsten  filament  lamp  called  for  a  very 
pure  product,  and  this  was  rendered  possible  by  a  chemical  method 
of  extraction  and  purification  of  tungstic  oxide  (WO3).  This  tungstic 
oxide  is  in  turn  converted  to  the  pure  metal  by  heating  in  a  current 
of  pure  hvdrogen  in  a  temperature  of  1200°  C. 

MANUFACTURE    OF   PURE   TUNGSTEN    METAL. 

Briefly,  the  method  is  as  follows  : — 

(1)  Treating  the  refined  ore. 

(2)  Roasting. 

(3)  Leaching  the  roasted  ore. 

(4)  Precipitation  of  commercial  tungstic  acid. 

(5)  Purification  of  tungstic  acid  (H^W04). 

(6)  Pure  tungstic  oxide  (WO^). 

(7)  Reduction  of  WO^  to  tungsten  ])owder. 

(8)  Conversion   to   bars  by  pressure. 

(9)  Sintering  of  bars. 
(10)  Swaging  and  drawing. 

(1)  Treating  the  defined  Ore. — The  wolfram  concentrate  is  cmslied 
to  ]>owder,  mixed  witli  commercial  soda-ash,  1  part  Wr).^  content 
to  1  Na^jCOa,  plus  15%  excess  soda  ash,  and  reduced  in  an  Abbe 
pebble  mill  to  pass  100-mesh  screen. 

(2)  Rmslinij.-  The  fine  mixture  is  charged  into  a  reverberatory 
furnace,  hand-rabbled  for  2  hours  at  a  temperature  of  800°  C,  and 
raked  out  to  cool 
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Reaction  —  2FeW0^  ^  0  ^  2'Ssi.m:,  =  2Xa.W0^  +  Fe.Oa  + 
2C0,. 

(3)  Leaching  the  Roasted  Ore. — The  cooled  mass  is  crushed  to  pea 
size,  transferred  to  wooden  tanks,  apitated  overnight,  filter- pressed, 
and  clear  filtrate  of  Na4W04   discharged  to  precipitating  tanks. 

(4)  Precipitation  of  Commercial  Tungstic  Acid.  These  tanks  are  of 
wood  or  stoneware,  and  the  Xa2W04  is  brought  to  boiling  temperature 
by  live  steam.  A  solution  of  C'aClg  is  then  added,  which  throws 
down  CaW04,  according  to  the  reaction — 

Na^WO^  +  (aCl^  =  2  NaCl  4-  C'a\V04. 
The  CaW04  is  baled    to    glazed   ware  bowls    and  treated   with   live 
steam  and  excess  commercial  HC'l.     The  reaction  CaW04  +  2  HCl  = 
CaCl^  +  HoWO^  takes  place,  and  the  H.,W04  is  transf^^rred  to  a  suction 
filter  and   washed.     It   has  the   following  composition  :-- 


Hi.W04 
FeO  .. 
AUO3 
Cab  .. 
SiO, 


99.53 
0.02 
0.05 
0.20 
0.20 


and  is  impure  compared  with  the  required  acid. 

(5)  Purification  of  Tumjstic  Acid.  The  washed  ])recipitate  is  treated 
with  ammonium-hydrate  and  live  steam  in  an  enamel-lined  steel 
tank  l)en<Mth  a  hood.  The  H2WO4  goes  into  solution  as  ammonium 
paratungstate  ,j(NH4)20,  12  WO^,  11  H^O.  The  liquor  is  decanted 
to  a  special  filter  press,  eva))orated  to  small  bulk,  and  dried  to  mud 
in  a  suction  filter. 

(6)  Pure  Tungstic  Oxide  (\V03).--The  yellow  tungstic  acid  is  fused 
in  silica  crucibles  in  a  gas-finnl  oven  at  \(^)(f  (\,  and  gives  a  product 
of  the  following  analysis  : 

% 
WO.,      ..  ..      99.96 

Fe.O.,   ..  ..        ().(K)75 

AI.2O3    ..  0.01  (•) 

CaO  ..        0.028 

V  — 

SiO_>       ..  — 

S     "       ..  ..  — 
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A  very  jnire  tungstic  oxide  has  been  produced  in  small  quantities  for 
special  purposes  with  the  following  analysis  : — 

o/ 

WO3       ..         ..      99.995 

CaO         ..         ..        0.005 
The  metal    tungsten    is    of    higher  purity  than  the    above,  due  to 
volatilization    of    impurities.     All    oxides    above    0.02  %    Fe^O^^    are 
returned  for  ])urification.     About  40%  of  the  present  output  of  the 
metal  is  derived  from  scrap  tungsten. 

The  etficiency  of  the  chemical  process  is  90%— e.g.,  90%  of  the 
tumrsten  in  the  ore  is  recovered. 

(7)  Heduction  of  WO^  to  Tungsten  Ponder.-  The  two  commercial 
methods  of  reduction  were  (a)  by  hydrogen,  (6)  by  use  of  carbon. 
The  latter  was  generally  employed  owing  to  the  difficulty  in 
completing  the  reaction  with  hydrogen,  but  resulted  in  an 
impure  product.  The  hydrogen  method  has  been  so  improved 
that  it  has  practically  superseded  the  carbon  method.  At  the 
Fansteel  Products  Company  10,000  cub.  ft.  of  pure  hydrogen  are 
con.sumed  daily  in   the   ])rocess. 

The  WO3  powder  is  placed  in  nickel  boats  on  nickel 
trays  in  a  closed  tube  type  electric  furnace  and  heated  to 
about  12<X)'  C.  in  an  atmosphere  of  hydrogen.  The  reaction 
WO 3  -r  3H2  =  W  +  SH.^O  takes  place,  and  the  tungsten  is  with- 
drawn as  a  grey  powder. 

(8)  Conversion  to  Bars  by  Pressure.- — The  grey  powder  is  placed 
under  a  hydraulic  pressure  of  300  tons  and  formed  into  a  bar  of 
averafje  size  1  in.  sq.  by  8  in.  long,  which  might  be  termed  cast 
tungsten.     At  this  stage  it  is  very  fragile. 

(9)  Sintering  of  Bars. — The  bars  are  placed  between  contacts  in 
the  sintering  furnace  in  an  atmosphere  of  dry  hydrogen,  and  subjected 
to  a  current  of  2750  amp.  at  220  volts  single  phase.  Considerable 
shrinkage  takes  place  in  the  bar,  and  an  intimate  union  takes  place 
between  the  minute  crystals  of  tungsten. 

(10)  Snaging  and  /Jrauing.  The  sinten'd  bars  are  now  heated  in 
an  alundum  tube,  surrounded  l)v  a  jark'ct  of  liydrogen.  The  furnace 
is  heat^^d  to  l.^CXT"  C.  by  ji  coil  wrapped  round  the  refractory  tube. 
The  bars  are  alternatclv  heated  and  drawn  until  reduced  to  the  required 
size  either  as  bar  or  heavv  wire. 
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Uses  of  Tungsten. 

These  may  be  classified  under  three  heads— 

(1)  Ferro-alloys. 

(2)  Filament  lamps. 

(3)  Miscellaneous  uses. 

(1)    FERRO-ALLOYS. 

The  old  Damascus  steel,  celebrated  for  its  retention  of  temper,  has 
been  found  to  contain  both  tungsten  and  chromium,  although 
probably  not  intentionally  added. 

In  1900,  high-speed  tool  steels  containing  tungsten  and  chromium, 
manufactured  at  the  Bethlehem  steel  works,  were  exhibited  at  the 
Paris  Exhibition,  and  created  extreme  interest  among  those  familiar 
with  metal  working.  These  tools,  by  suitable  heat  treatment,  could 
be  used  for  cutting  uj)  to  a  temperature  of  300'  C.  without  losing 
their  cutting  edge.  This  temperature  would  ruin  any  carbon  steel 
tool.  Their  efficiency  is  from  three  to  five  times  that  of  carbon  steel 
for  cutting  tools. 

Ferro-Tutigsten.-Thiii  alloy  can  be  prepared  by  several  methods — 
e.g.,  (1)  the  direct  reduction  of  the  ore  by  means  of  carbon  in  a 
crucible  ;  (2)  by  reducing  in  the  electric  furnace  with  carbon  as  a 
reducing  agent.  There  are  several  other  methods,  but  (2)  is  the  one 
in  general  use.  The  ])roduct  usually  contains  more  carbon  than  is 
desired,  and  is  de-carburized   by  means  of  refining  slags. 

The  following  is  an  analysis  of  ferro-tungsten  obtained  by  reduction 
in  the  electric  furnace  :-  W  79.48%,  Fe  18.60,  V  1.49,  Si  O.ir,,  Mn 
0.21,  P  0.017,  S  0.016,  Al  0.001. 

Tungsten  Steel.  Mushet,  in  1857,  patented  several  methods  for 
producing  tungsten  steel,  and  did  more  tlian  anyone  else  to  perfect 
it.  He  manufactured  tool  steel  for  many  years  under  the  name  of 
*'  Mushet's  metal,"  and  his  type  of  self-hardening  steel  was  not  sur- 
passed for  33  years. 

High-speed  steel  of  modern  kind  had  its  birtii  in  lUUl,  and  soon 
revolutionized  machine-shop  practice.  Muahet  made  a  st^el  that 
could  be  heated  with  impunity,  but  would  only  cut  effectively  up  to  a 
temperature  of  350-450'  ('.  It  was  found  that  an  increased  j)ercentage 
of  tungsten,  combined  with  chromium,  j>roduced  a  steel  which  would 
cut  even  when  a  temperature  of  650-750"'  C.   was  attained. 
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All  high-speed  steels  belong  to  one  of  two  classes — "  special  "  steel, 
containing  about  18  ^^q  tungsten,  and  ordinary  tungsten  steel,  with 
about  14  ^o  of  this  alloy,  in  either  case  with  small  quantities  of  other 
elements. 

Manufacture.  -  High-speed  tool  steels  are  made  either  by  the 
crucible  or  by  the  electric-furnace  method.  The  tendency  of  makers 
is  in  the  direction  of  a  somewhat  uniform  composition  wuth  respect 
to  the  alloying  elements  whose  benefits  have  been  proved,  and  may 
be  considered  fairly  well  established. 

Theory  of  Tungsten  Steel. — Arnold  and  Read  concluded  that  the 
carbon  in  steel  was  combined  with  the  iron  when  the  tungsten  was 
low  ;  but  the  higher  the  tungsten  the  less  carbon  was  combined  with 
the  iron,  until  in  steel  containing  11.5%  tungsten  the  w^hole  of  the 
carbon  was  combined  with  the  tungsten,  and  none  of  it  with  the  iron. 
With  higher  tungsten  content  the  excess  tungsten  was  combined 
with  the  iron.  There  are  so  many  factors  that  affect  the  value  of 
rapid  tool  steels  besides  the  ultimate  composition  that  no  conclusion 
can  be  drawn  from  the  analysis  alone.  The  melting,  hot  working, 
and  heat  treatment  all  must  be  done  correctly  or  the  final  product 
will  not  conform  to  expectations. 

Result  of  analysis  of  a  high-speed  steel  made  in  1913  or  1914  : — 


Carbon 

0.75 

Manganese 

0.28 

Silicon  . . 

0.36 

Sulphur 

0.03 

Chromium 

4.10 

Tungsten 

..      19.0 

Vanadium 

{'}\       \lfC>TAT         L'TT    AV 

0.75 

In  order  that  a  metal  may  be  suitable  for  use  as  a  filament  for 
incandescent  electric  lamps  it  is  essential  that  it  should  have  a  high 
molting  point,  be  fairly  ductile,  and  possess  a  low  vapour  tension 
under  working  conditions. 

It  has  been  shown  that  the  light  emitted  ])y  an  incandescent  metal 
varies  as  the  twelfth  power  of  the  temperature,  whilst  the  energy 
required  varies  as  the  fifth  power  of  the  temperature.  It  is  seen, 
therefore,  that  a  small  increase  in  the  working  temperature  of  the 
filament    is    of    considerable    advantage.      Amongst    the    advantages 
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possessed  by  metal  filaments  over  those  of  carl)on  is  that,  being  good 
conductors  of  electricity,  their  resistance  increases  with  tem|)erature. 
whereas  with  carbon  filaments  an  increase  of  tem|)erature  causeii  a 
decrease  of  resistance,  as  the  substance  is  a  poor  conductor  of 
electricity.  For  this  reason  a  fluctuation  in  voltajje  causes  smaller 
alterations  in  the  intensity  of  the  light  than  would  be  the  case  if  a 
carbon  filament  were  employed. 

The  first  metallic  filament  lamp  was  made  bv  Welsbai-h  in  IH08. 
the  man  who  invented  the  incandescent  mantle  for  coal-gas  lamps, 
I'ntil  that  time  the  carbon  filament  reigned  supreme.  Hrietlv 
summarized,  the  transition  from  carbon  to  metal  filament  is  as 
follows  : — 

(1)  Carbon  filament,  with  efficiency  of  3  watts  per  candle  i>ower. 

(2)  "  Metallized  "   carlxjn    filament,    with   etticiencv   of  2.5   watts 

per   candle    power. 

(3)  Tantalum   filament,    with   efficiency   of    1.7   watts   per  candle 

power. 

(4)  Squirted  tungsten  filament,  with  efficiency  of    1.25  watts   [)er 

candle   power. 

(5)  Drawn  tung.>ten  filament,  with  efficiency  (A  1   watt  per  ( andle- 

power. 

(6)  Nitrogen-filled   tungsten  filament,  with  efficiency  of  0.5  watt 

per  candle  power. 
The  many  pr<)ces.>^es  for  the  production  of  filament  mav  be^ 
tlas.sified  as  follows:  (1)  Substitution.  (2)  amalgamation.  (3) 
squirting  a  paste  containing  tungsten.  (1)  scjuirtiiig  colloidal  tung.sten, 
(5)  drawn  win*.  (6)  alloy  processes.  Of  these  methods  the  chief  are 
squirtinj!  and  tlrawing. 

(3)  Sffuirtiruj  a  Paste.  In  this  case  the  fiiielv-powdered  tungsten 
is  mi.xed  with  a  » olloidal  binder,  such  as  gum.  gelatine,  etc  TIim 
pa.Hte  is  ^en  force<i  through  a  nozzle,  and  the  resultant  thread  heated 
to  drive  off  carbonaceous   matter. 

(4)  Squirtitiif  Citlloidnl  Tumjalni.  Colloidal  tungsten  is  prepared 
by  the  discharge  of  an  electric  an-  between  rou;:hened  tun«rst4'n 
electrcxles  under  water,  N<»  binder  is  required  \\\  this  case,  ami  the 
resultant   filaments  are   very   strong  and   ijuite  .satisfactory. 

(5)  iJrawn  Wirv  Filument.i.  Two  methods  are  now  in  u.se  for 
preparing  the  filaments     viz.,  rolling  arul  drawing. 
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Rolling. — Rolling  is  largely  employed  for  producing  wires  not  less 
than  0.03  in.  in  diameter.  The  bars  of  tungsten,  whose  production 
was  described  under  the  head  of  ""  Metallurgy,"  are  passed  between 
several  pairs  of  high-speed  rolls  at  decreasing  distances  apart.  It  is 
necessary  to  carry  this  out  as  far  as  possible  in  a  current  of  hydrogen, 
with  constant  re-heating  to  prevent  undue  strains. 

Drawing. — This  operation  is  employed  when  wires  of  less  than 
•0.03  in.  are  required,  and  calls  for  considerable  skill  on  the  part  of 
the  operator. 

The  rod  or  wire  is  heated  sufficiently  to  make  it  ductile,  and  then 
passed  through  the  draw-plate,  which  is  heated  and  lubricated  with 
deflocculated  graphite.  Repeated  annealing  is  very  necessary,  as  it  has 
an  important  effect  upon  the  crystalline  structure  of  the  tungsten.  As 
the  wire  becomes  thinner,  the  temperature  to  which  it  is  heated  is  re- 
duced. A  rod  may  be  heated  in  the  first  instance  to  1600°  C,  and  when 
reduced  in  diameter  to  0.03  in.  the  temperature  required  is  only  600°  C, 
and  finally  the  wire  passes  through  the  draw-plate  at  a  dull  red  heat. 

Properties  of  the  filament. — As  the  wire  is  drawn  out  the  tensile 
strencrth  rises  very  rapidly,  and  the  ductility  also  increases.  This 
increased  ductiUty  also  increases  the  resistance  of  the  wire  to  damage 
by  shaking  or  shock. 

Tungsten  filaments  are  also  free  from  occluded  gases,  consequently 
the  vacuum  in  the  bulb  is  not  impaired  and  the  life  of  the  lamp  not 
decreased. 

(6)  Alloy  Processes. — It  has  been  found  that  filaments  of  pure 
tungsten  are  verv  liable  to  crystallize  and  develoj)  other  defects 
whilst  in  use.  This  may  be  prevented  by  the  addition  of  a  small 
quantity  of  thoria.  The  addition  of  thoria  to  the  tungstic  oxide 
during  reduction  facilitates  the  formation  of  elongated  crystals  in  the 
metal.  These  crystals  are  very  much  more  satisfactory  than  the 
irregular  ones  otherwise  formed,  especially  when  the  metal  is  drawn 
into  fine  filaments,  as  u.sed  in  electric  lamps  and  thermionic  valves. 

Gas-filled  Tungsten  Lamfs. — When  investigating  the  cause  of  the 
blackening  of  filament  lamjjs  it  was  found  that  tliis  defect,  largely 
due  to  the  volatilization  of  the  filament,  was  minimized  })y  intro- 
ducing an  inert  gas  into  the  bulb.  The  most  suitable  gas  was  found 
to  be  nitrogen.  It  was  found  that  lamps  made  in  this  manner  were 
much  more  efl&cient  than  the  usual  evacuated  type. 
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(3)    MISCELLANEOUS    USES. 

Hugo  Lohiiian,  ;i  Berlin  engineer,  claims  to  have  fused  and  cast 
metallic  tungsten,  and  suggests  the  following  uses  for  his  metal  : — 
Tungsten  in  the  form  of  carbide,  with  a  hardness  of  \}.S  (Moh's  scale), 
could  replace  the  diamonds  whicli  are  emi)loyed  in  wire-drawing  dies, 
as  grinders  for  auger  points,  deej)  bores,  and  stone  saws  ;  in  the  form 
of  dust  as  aids  to  these  oj)erations,  as  glass  cutters,  etc.  Fused 
tungsten  can  be  cast  in  the  form  of  pipes  or  crucibles.  It  is  very 
resistant  to  acids,  and  the  manufacture  of  acid-jiroof  vessels  for 
chemical  purposes  should  find  a  wide  market.  Tiic  liigh  melting-[)oint 
also  suggests  the  emj)loyment  of  tungsten  in  the  making  of  crucibles. 
Lohman  also  considers  that  tungsten  will  eventually  dominate  the 
tool-making  industry,  tools  of  all  sorts  being  made  from  pure  tungsten 
in  place  of  the  alloys  of  this  metal  with  steel  or  other  metals. 

Wire  for  incandescent  lamps  is  made  from  powdered  tungsten  bv 
pressing  and  sintering.  If  a  molten  form  of  tungsten  were  at  hand 
for  making  filaments,  the  amount  of  current  required  [)er  unit  of  light 
could  be  reduced,  since  fused  tungsten  is  more  effective  as  an  incan- 
descent   resistant. 

Tungsten,  owing  to  its  hardntv^s,  heat  conductivity,  and  lower 
vapour  pressure,  is  replacing  platinum  and  platinum-iridium  alloys 
in  contact  points,  spark  coils,  voltage  meters,  telegraph  instruments, 
etc.  A  saving  in  platinum  has  been  made  by  the  use  of  gold-<oated 
tungsten  dental  pins.  Electric  furnaces  (laboratory)  with  resisters 
of  tungsten  are  used.  Other  furnaces  use  a  tungsten  metal  tufx'  to 
take  the  place  of  the  helical  carbon  resister  in  vacuum  furnacfs. 

Tungsten  gauze,  which  is  acid  and  alkali-resisting,  is  useful  for 
separating  solids  from  liquids.  The  gauze  has  Ix-en  used  for  the 
electrostatic   j)recipitation   of  fumes. 

Wrought  tungsten  targets  for  X-ray  tulies  are  now  generally  used 
on  account  of  the  high  density  of  the  metal.  The  tungsten  is 
sometimes  used  with  a  backing  of  silver  or  co[)per,  which  conducts 
the  heat  away  more  rapidly. 

Finely-divided  tungsten  is  said  to  be  an  excellent  catalytic  agent 
in  th<'  production  of  ammonium   from   nitrogen  and   hydrogen. 

Owing  to  its  chemical  stability,  and  the  fact  that  it  can  be  tirawn 
to  0.(XX)1  in.  in  diameter,  it  would  be  useful  for  galvanometer  »U8' 
pension  and  cross  hairs  for  telescopes. 
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It  has  also  been  suggested  to  use  thin  wires  in  surgical  operations 
in  place  of  the  coarser  gold  and  silver  wires. 

Tungsten  bronzes  are  produced  by  fusing  tungsten  Vvith  pure  tin. 
These  are  resistant  to  ordinary  acids,  and  used  for  decorative  purposes. 

The  dye  industry  employs  tungsten  for  fireproofing  cloth  and  as  a 
mordant  for  silks  ;  the  salt  has  the  added  feature  of  serving  as  a 
weighting  material. 

In  the  ceramic  industry  the  tungstic  oxide  is  used  for  producing 
yellows  in  glass  and  })orcelain. 

In  the  chemical  industry,  besides  various  utensils  previously 
mentioned,  the  wire  and  sheet,  being  impervious  to  alkali  solutions 
and  to  cold  and  hot  acids,  to  a  great  extent,  should  find  many  pfac- 
tical  ap])lications,  such  as  wire  gauze  for  filtering  acids,  wire  mesh  for 
supporting  filter  cloths :  in  instrument  |)arts  where  subjected  to 
fumes  from  the  process,  and  as  sup])orts  for  incandescent  mantles. 

Many  useful  alloys  other  than  those  with  steel  have  been  made, 
amongst  which  are  the  following  : 

Partinium,  an  alloy  of  tungsten  and  aluminium,  used  by  the  French 
in   automobile  construction   because  of  its  lightness  and  strength. 

Aluminium  can  be  hardened  with  tungsten.  Its  resistance  to 
oxidation  makes  it  much  superior  to  copper. 

Platinoid  consists  of  60  %  copper,  25  %  zinc,  14  %  nickel,  and  1  to 
2  %  tungsten.  It  has  a  high  electrical  resistance,  which  does  not 
decrease  with  heit. 

An  alloy  of  tungsten,  aluminium,  and  copper  is  used  in  the  manu- 
facture of  propeller  blades. 

Tung.sten-molybdenum  alloys,  varying  in  composition  from  pure 
tungsten  to  pure  molybdenum,  are  made  in  the  same  way  as  ductile 
tungsten.  Th«*v  arc  all  ductile  and  malleable,  and  are  being  used  as 
substitutes   for   platinum   in   dentistry. 

An  alloy  of  20  to  60  %  tungsten  and  80  to  40  %  platinum  is  used  in 
electrical  contacts,  jewellery,  etc. 

Stellitc  is  an  alloy  of  75  %  cobalt,  20  %  chromium,  and  5  %  tungsten. 
This   alloy   has   some    very    valuabh'    properties   for   cutting   tools. 

The  war  brought  forth  the  demand  for  the  thermionic  valve  in  large 
quantities.  The  (ien<Tal  Electric  Com{)any's  lamp  works  at  Hammer- 
smith reached  an  oiitj^ut  of  t(XX)  valves  per  week.  This  is  not  only 
used  as    a    wireless  detector,    but  also   in    (onncction   with    wireless 
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direction  finding,  and  special  wireless  work  on  submarines.  As 
before  mentioned,  tungsten  filaments  are  remarkably  free  from 
occluded  gases,  and  this  is  one  of  the  chief  reasons  for  its  use  in 
tliermionic  valves. 

Gas-filled  thermionic  tubes  have  found  application  as  low  voltage 
rectifiers,  for  the  charging  of  small  batteries  of  accumulators  from  the 
usual  alternating  current  supply. 

Mr.  M.  ('.  Mott-Smith,  writing  to  the  Scienfific  American,  puts 
forward  an  interesting  suggestion  in  regard  to  an  extension  of  the 
use  of  tungsten.  According  to  him.  if  tungsten  or  some  other  highly 
refractory  metal  could  be  produced  cheaply  enough,  cast  in  pieces 
large  enough,  and  shaped  as  desired,  we  could  build  a  ])ractical  gas- 
turbine.  If  the  blades  at  the  high-pressure  end  of  such  machine^ 
and  pos.sibly  the  casing  or  lining  of  it  at  this  end  could  be  made  of  a 
highly  refractory  metal,  so  that  a  constant  stream  of  gas  at,  say, 
liKK)"'  C.  could  be  directed  u})on  the  blades  without  injury  to  them, 
a  wonderfully  efHcient  engine  would  be  obtained.  A  temperature 
dropping  from  1000'  C.  to  100^  C.  would  give  a  theoretical  efficiency 
of  72  *',,.  If  only  two-thirds  of  this  were  realized,  the  actual  efficiency 
would  still  be  nearly  50%,  which  is  much  beyond  that  of  any  existing 
engine.  To  this  advantage  would  be  added  increased  lightness  and 
compactness.  Steam  turbines  are  alreadv  far  lighter  and  more 
compact  than  re(ij>ro(ating  engines  of  the  same  j)owcr.  With  an 
internally-fired  turbine  the  l)oilers  and  furnaces  are  unnecessary, 
making  a  great  .saving  in  space  and  weight. 

The  u.ses  herein  mentioned  or  suggested  cover  a  verv  wide  field, 
which  is  doubtless  not  yet  thoroughly  explored,  and  it  appears  evident 
that  an  increase  in  consumption  of  tungsten  must  necessarily  follow 
as  res«';ir<li  develops  further  uses  for  this  metal. 
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Part  II. 
KING  ISLAND  SCHEELITE  TREATMENT. 

Introduction. 

Like  many  other  tungsten  properties,  the  King  Island  Scheelite  Co. 
was  brought  into  being  by  the  great  demand  for  this  metal  during 
the  war.  The  bulk  of  the  tungsten  was  required  for  ferro-alloys,  and 
the  demand  created  considerable  activity  among  the  producers  of 
tungsten  ores.  Australia,  during  the  war,  sent  the  whole  of  its 
tungsten  product  to  the  British  Government  at  50  %  less  price  than 
that  ruling  in  the  world's  market. 

The  King  Island  Scheelite  Co.  was  registered  in  February,  1917, 
and  in  July  of  the  same  year  commenced  the  production  of  a  high- 
grade  scheelite  concentrate. 

Situation. 

King  Island  is  situated  in  Bass  Strait,  to  the  north-west  of  Tas- 
mania, about  midway  between  Cape  Grim  and  Ca})e  Otway.  The 
island  has  a  length  of  about  40  miles  and  a  width  of  16  miles.  The 
area  held  by  the  company  occupies  a  portion  of  the  south-eastern 
end  of  the  island  adjoining  the  coast. 

Access  to  the  mine  is  given  by  road  from  Currie,  the  jirincipal 
settlement,  situated  on  the  west  coast  of  the  island.  The  distance 
from  Currie  is  estimated  at  18  miles.  The  mine  is  situated  within 
a  mile  of  the  southern  end  of  a  wide  bay,  at  wliich  jwint  a  jetty  is 
now  under  construction.  The  rock  here  is  granite,  and  there  is  an 
ample  depth  of  water  for  the  type  of  boat  calling  at  the  island.  There 
is  also  a  fine  jetty  at  Eraser  Bluff,  situated  on  the  east  coast,  and 
distant  about  17  miles  from  the  mine. 

Topography. 

The  topography  of  the  locality  is  of  such  a  character  as  to  be 
favourable  for  mining  operations,  and  consists  of  a  plateau  rising  to 
about  400  ft.  above  sea-level.  The  seaward  slope  is  steej),  and  has 
been  considerably  modified  by  the  erosive  action  of  various  streams. 
The  principal  stream  in  this  locality  is  the  (Jrassv  1-liver,  which  flows 
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a  little  east  of  south,  and  has  cut  its  gorge  down  to  sea-level.  It  is 
from  this  stream  that  the  water  is  pumped  to  the  mine  for  ore-dressing 
and  other  purposes. 

The  deposit  was  discovered  outcropping  on  the  beach,  and 
advantage  was  taken  of  the  topograpliy  in  prospecting  the  formation 
by  driving  adits  in  the  slope  of  the  hill. 

Rainfall. 

The  rainfall  on  the  island  is  about  35  in.,  and  is  well  distributed 
throughout  the  year. 

Timber. 

Although  there  is  not  much  green  timber  in  the  vicinity  of  the  mine^ 
there  is  abundance  of  dry  timber  standing.  This  was  killed  by  a 
l)ush-tire  which  swept  the  island  about  30  years  ago.  The  dry  timber 
forms  a  valuable  firewood  supply,  and  is  tapped  by  a  tramway  for 
that  purpose. 

Geology  and  Mineralogy.* 

Rock  Formation.— ^oth  igneous  and  sedimentary  rocks  are  repre- 
sented in  the  neighbourhood  of  the  mine  ;  the  latter  occupy  the  bulk 
of  the  area  of  the  lease,  the  south-eastern  corner  of  which  is  on  the 
contact  of  the  granite  and  sedimentary  rock.  Granite  outcrops  for 
7  or  8  miles  along  the  coast  to  the  south  of  the  mine,  and  appears  to 
extend  inland  for  at  least  2  miles.  Old  slates  and  sandstones  extend 
to  the  north  for  some  distance. 

(iranite. — The  granite,  which  is  of  the  porphyritic  biotite  type,  is 
very  fresh,  and  shows  no  signs  of  crushing.  At  the  contact,  granite- 
porphyry  occurs,  with  occasional  large  crystals  of  pink  orthoclase 
felspar.  It  is  traversed  by  occasional  dykes  of  granite-porphyry 
and  of  aplite,  representing,  probably,  later  phases  of  the  igneous 
intrumon. 

Aplite. — ^Clo.sely  a.ssociated  with  the  scheelite  lode  is  a  dyke  of 
ai)lite,  undoubtedly  connected  with  the  granite.  It  is  composed 
Cisentially  of  quartz,  with  some  decomposed  fclsjjar  and  aggregates 

•  Aft/T  L.  L.  Wat/rrhoii-v,  B.K..  latfl  Awlstant  Government  Gcologlat,  Tasmania,  abstract 
G«;olo^cal  Survey,  Mineral  ilesourccs,  Ho.  I. 
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of   rauscovite-mica.     It   carries    both    molybdenite    and    scheelite    in 
places.     An  analysis  shows  the  following  composition  : — 

o/ 

H5O    -  =         ..          ..  0.68 

H^O  + 0.62 

SiOj          62.81 

Al^Oa        24.02 

FeO           0.60 

FegOa 0.32 

TiOo  . .          • .          . .  absent 

MnO          0.03 

CaO          1.41 

MgO          0.20 

Na^O        6.31 

K^O          2.97 


Total         ..         ..       99.97 
Specific  gravity  =  2.60. 

Sedimentary  Rocks. — The  scheelite  occurs  in  the  sedimentary  rocks, 
but  within  about  12  chains  of  the  margin  of  the  granite  massif.  As 
is  to  be  expected  in  such  close  proximity  to  the  intrusive  granite 
mass,  the  old  sedimentary  rocks  are  intensely  altered.  They  ajjpear 
sometimes  as  spotted  schists,  sometimes  as  very  hard,  black,  flinty 
hornstones.  Microsco]>ical  examination  of  sections  of  these  rocks 
shows  the  development  of  quartz,  albite,  sericite,  chlorite,  l)iotite, 
and  magnetite. 

Water-Worn  Deposit. — An  interesting  occurrence  of  water-worn 
gravel  and  shingle  was  noted  in  the  open-cut  at  an  elevation  of  about 
130  ft.  above  sea-level.  The  shingle  consists  mainly  of  quartzites 
and  fragments  of  rock  similar  to  those  found  in  the  adjacent  country. 
It  may  be  a  remnant  of  river  gravel  accumulated  by  some  stream 
when  the  surface  contour  was  different  to  that  of  the  present  day, 
but  more  ])robably  it  forms  ])art  of  a  deposit  of  beach  shingle.  The 
land  surface  in  this  vicinity  re|)resents  an  old  jiene-plained  area  which 
had  been  worn  down  a})j)roximately  to  sea-level  and  subsequently 
uplifted  by  earth-movements.  The  shingle  observed  may  have 
attained  its  present  position  either  by  a  single  movement  or  several 
movements  amounting  to  130  ft. 
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NATTRF.    OF    THE    0RK-150DY. 

Mincroloijica/  Com  position-  The  ore  consists  essentially  of  garnet, 
Msiially  in  well-formed  crystals.  Other  gangiie  minerals  observed 
were  quartz,  epidote.  calcite,  monoclinic  ])yroxene,  and  actinolite. 

The  metallic  minerals  noted  were  scheelite,  molybdenite,  pyrite, 
and  bismuth. 

Scheelite  (tungstate  of  lime,  CaW04).  —  This  is  undoubtedly  a 
primary  mineral.  It  occurs  both  in  amorphous  masses  and  in  definite 
crystals.  The  largest  crystal  observed  measured  over  an  inch  across. 
The  scheelite  frequently  occurs  in  quartz-veins  traversing  the  garnet 
formation  and  aplite.  In  several  instances  molybdenite  was  noted 
included  in  the  heart  of  scheelite  crystals,  while  in  other  cases  masses 
of  scheelite  were  surrounded  by  a  rim  of  molybdenite  flakes. 

Molybdenite. — This  mineral  occurs  mostly  in  the  quartz-veins 
which  traverse  the  garnet  formation.  There  is  not  sufficient  of  it  in 
the  lode  to  make  it  of  economic  importance. 

Pyrite. — Pyrite  is  present  in  small  quantities  only,  and  insufficient 
to  be  detrimental  to  the  ])roduction  of  a  high-grade  concentrate. 

Bismuth. — Several  small  fragments  of  native  bismuth  were  obtained 
in  one  part  of  the  workings,  but  the  average  value  of  25  mine  samples 
was  only  0.0126  %  metallic  bismuth. 

Garnet. — The  variety  of  garnet  represented  is  of  the  lime-iron  type 
known  as  andradite.  It  is  usually  reddish  in  colour,  and  translucent, 
and  occurs  in  well-formed  crystals  up  to  about  ^-in.  across.  The 
garnet  is  attracted  by  the  electro-magnet,  and  this  property  at  once 
suggested  a  possible  method  of  treatment.  The  garnet  is  further  dealt 
with  at  a  later  stage  (see  garnet  analyses). 

MODE   OF   ORIGIN. 

There  can  be  little  doubt,  says  Mr.  Waterhouse,  that  the  deposit 
is  genetically  connected  with  the  neighbouring  granite  massif,  and 
that  the  metallic  constituents  were  introduced  with  the  granite 
magma,  differentiation  causing  a  partial  concentration  of  these 
con.stituents  in  the  still  molten  magma.  These  were  expelled  as 
gases  at  an  extremely  high  temperature,  as  the  magma  gradually 
cooled  and  con.solidated,  and  penetrated  the  overlying  sedimentary 
rocks  which   were  at  an  extremely   high  temperature.     The   aplitic 
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dyke  may  represent  the  main  channel  hy^  which  the  metallic  minerals 
were  conveyed  to  their  ])resent  jjosition,  the  quartz  and  felspar  rejjre- 
senting  granitic  material  which  was  expelled  with  the  metallics  from 
the  cooling  granite  mass.  It  seems  likely  that  the  ore  deposit  was 
formed  when  the  chemically  active  and  metal-bearing  vapours  and 
solutions  came  into  contact  with  calcareous  beds,  which  were  almost 
completely  replaced,  the  metals  being  deposited.  The  outstanding 
features  which  indicate  that  some  such  theory  must  be  ])ostulated 
to  exjilain  the  mode  of  origin  are  : 

(1)  The  banded  structure  of  the  deposit. 

(2)  The  occurrence  of  bands  of  country  rock  altered  to  garnet- 

pyroxene  outside  the  main  body  of  the  ore. 

(3)  The   mineralogical   composition   of  the   ore,   and  especially 

the  presence  of  so  many  lime-bearing  minerals  (scheelite, 
garnet,  dio])side,  calcite,  epidote,   actinolite). 

(4)  The   close   association    with   the   aplite   dyke,    which   itself 

carries  metallic  values, 
(o)  The  high-temperature  minerals  present. 

Mining. 

The  facilities  afforded  by  the  topography  in  the  vicinity  of  the  ore 
deposit  have,  to  a  very  large  extent,  determined  the  method  of 
mining.  This  is  carried  out  by  the  open-cut  system.  The  over- 
burden is  worked  down  over  the  ore-face  by  the  aid  of  explosives, 
when  necessary,  and  is  picked  up  by  a  steam  navvy,  loaded  into  side- 
tip)}ing  trucks  of  about  3  cub.  yd.  capacity,  and  run  out  to  the  tip. 
C)wing  to  the  configuration  of  the  country,  ample  room  is  available 
for  deposition  of  spoil. 

Having  cleaned  uj)  the  face,  the  ore  is  then  broken  down  in  a  similar 
way  to  the  overburden,  ropes  being  hung  down  the  face  at  intervals 
to  facilitate  the  movements  and  ensure  the  safety  of  the  miners.  The*- 
ore  is  picked  up  by  the  navvy  (where  distant  from  the  chutes),  loaded 
into  the  above-mentioned  side-tippers,  and  tru(k«Ml  to  the  chutes. 
These  connect  up  with  adits  driven  into  the  hill  at  a  lower  level  than 
the  o]»en-cut.  From  the  chutes  the  ore  is  trucked  to  the  bin  at  the 
head  of  the  mill.  Bars  of  aplite  are  occasionallv  encountered  in  the 
ore-})ody,  and,  on  account  of  their  hard  and  tough  qualities,  call  for 
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the  use  of  something  more,  powerful  than  the  hand-drill.  This  is 
supplied  bv  rock-drills,  which  are  operated  by  steam,  in  the  absence 
of  a  supj)ly  of  compressed  air. 

Treatment. 

Before  consideration  can  be  given  to  the  treatment  of  an  ore  of 
this  description  it  is  necessary  to  have  in  mind  its  composition,  and 
the  characteristics  of  some  of  the  minerals  from  which  the  scheelite 
has  to  be  separated. 

As  alreadv  mentioned,  the  mineral  which  forms  the  bulk  of  the 
gangue  is  garnet.  The  average  specific  gravity  of  samples  examined 
gave  a  value  of  3.7.  Its  other  outstanding  features  are  its  hardness 
(about  6.5)  and  its  toughness. 

The  economically  imj)ortant  mineral  scheelite,  on  the  other  hand, 
has  a  s])ecific  gravity  of  5.9.  It  is  appreciably  softer  than  the  garnet, 
with  a  hardness  of  about  5.     In  addition  to  this,  it  is  brittle. 

With  a  hard,  tough  gangue  mineral  occurring  with  a  softer  and 
more  brittle  mineral  to  be  concentrated,  the  objective  is  to  remove 
the  scheelite  at  the  earliest  convenient  stage  in  order  to  minimize 
.slime  lo.sses.  The  relatively  small  difference  in  specific  gravity 
between  the  garnet,  other  gangue,  and  scheelite  indicates  the 
necessity  for  careful  clas.sification  in  order  to  obtain  a  satisfactory 
concentrate.  From  experiments  carried  out  at  an  early  stage  in  the 
development  of  the  mine  it  was  found  that  the  garnet  had  a  certain 
magnetic  permeability,  and  was,  moreover,  the  only  magnetic  mineral 
in  the  ore.  It  was  also  found  that  the  ore  carried  about  70  %  of 
garnet.  A  consideration  of  these  facts  indicated  the  lines  upon 
which  treatment  might   be  successfully  carried  out. 

Scheme  of  Treatment.  Briery,  the  scheme  was  as  follows: — Coarse 
crushing,  tabling  to  remove  such  gangue  minerals  as  quartz,  aplite, 
etc.,  and  the  formation  of  a  garnet-scheelite  concentrate.  This  mixed 
concentrate  to  be  passed  under  an  electro-magnet  to  remove  the 
garnet,  leaving  a  marketable  |)roduct  of  high-grade  scheelite. 

The  .scheelite  occurs  in  minute  grains  disseminated  througli  tlie 
garnetiferoJis  mass,  as  well  as  in  crystals  of  about  the  same  size  and 
larger  than  the  garnet,  and  in  amor})hous  masses  several  inches  across. 

Ore  (irnde.  The  grade  of  the  ore  varies  from  0.7  %  WO3  up  to 
1  %  WO3,  and  is  o.^^dized  to  ;i  varying  extent.     The  ore  does  not  lend 
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itself  to   picking,   being  fairly  homogeneous,   and  the   jjrade  is  only 
likely  to  be  adversely  affected  by  admixture  of  overburden  in  a  fine 
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Fig.  1. 
Flow    Sheet. 

state  of  division.     Tho  larger  waste-rock  is  kcj)t  out  in  the  o]ien-cut. 

Flow  «S'Aee/.— Reference  to  the  above  flow-sheet  (tig.  1)  will 
indicate  the  general  scheme   of  treatment. 

Coarse  Crushiiuf.  The  ore  is  hand-fed  direct  from  the  bin  to  a 
Jaques  cracker,  which  has  ample  capacity  for  the  |)resent  tonnage  of 
comparatively  soft  oxidized  ore.  'J'he  rate  of  feed  is  regulated  by 
the  cracker  attendant  in  the  ab.sence  of  any  automatic  device,  which 
would  more  than  likely  be  rendered  inojxTativc  during  the  winter 
months. 

Fine  CnishifK/.  The  rolls  and  Huntingdon  mills  are  in  closed 
circuit  with  the  King  s(  reen,  the  oversize  from  the  screen  being  returned 
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to  the  Huntingdon  mills.  The  discharge  from  the  mills  is  carefully 
regulated  to  release  the  scheelite  at  the  earliest  moment,  in  order 
to  make  as  little  fines  as  possible. 

Scnrnint/.  The  King  screen  is  of  the  usual  type,  and  does  its  work 
etftcieiitlv  so  long  as  close  attention  is  paid  to  the  screen. 

Dressing  and  Concentration. 

The  Wiltlev  tables  used  in  this  section  are  supported  on  hardwood' 
slats,  and  are  not  adjustable,  being  fixed  at  the  angle  found  most 
effective  on  this  type  of  feed. 

The  water  used  for  dressing  purposes  is  first  passed  through  the 
surface  condenser. 

tables  (a). 

The  three  Wilfleys,  marked  (a)  on  the  flow-sheet,  take  the  feed 
from  the  King  screen  and  make  two  products — a  head  which  goes  to 
the  re-dres.sing  Wilfley  marked  (b)  on  flow-sheet,  and  a  middling  which 
goes  to  the  three  Wilfleys  marked  (c)  on  flow-sheet. 

table  (b). 

This  "NVilfley  is  used  for  re-dressing  a  middling  product  or  head 
from  the  other  tables  marked  (a)  and  (c)  on  flow-sheet.  It  produces 
a  scheelite-garnet  concentrate  of  about  45  %  WO3,  which  is  dried  and 
passed  under  the  electro-magnets.  A  middling  product  is  returned 
to  the  same  table,  and  a  tailing  to  the  tables  marked  (c)  for  further 
treatment. 

TAl'.LES    ((■). 

These  WilH«'ys  are  re-treating  a  middling  from  tables  (a),  a  tailing 
from  the  re-dressing  tables  (r),  and  an  underflow  from  the  callow  tank, 
a  considerable  proportion  of  which  is  slime.  They  ])roduce  a  middling 
product  which  is  returned  to  table  (b),  and  a  tail,  the  only  reject  from 
the  mill,  which  runs  into  the  sea  and  is  disi)ersed  by  wave  action. 

DHIKH. 

The  scheelite-garnet  concentrate,  from  the  redressing  table  (li), 
is  run  into  a  box,  from  which  it  is  shovelled  on  to  one  end  of  a  drying 
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furnace.  The  concentrate  is  gradually  worked  to  the  cool  end  of  the 
furnace  and  then  hand-screened,  to  remove  any  large  particles  which 
inav   have  esca])ed   the   King  screen. 

These  particles  are  returned  to  the  Huntingdon  mill.  The  drier 
is  heated  by  means  of  firewood,  the  consumption  of  which  is  small. 

ELECTRO-MAGNETS. 

The  screened  concentrate  is  then  bagged  and  transferred  to  the 
electro-magnets. 

These  consist  of  two  revolving  magnets  oi)erating  over  an  endless 
belt,  beneath  which  are  the  wound  and  insulated  poles.  The  magnets 
are  hung  on  ball  bearings,  and  driven  by  spur  gearing  at  40  r.p.m. 
The  diameter  of  the  magnets  is  22  in.,  and  they  have  a  depth  of  4  in. 
The  belt  is  of  fine  canvas,  and  before  use  undergoes  a  special  treatment 
of  oiling  and  drvingr,  followed  bv  a  coat  of  shellac  varnish.  The  belt 
passes  over  12-in.  drums,  the  rate  of  travel  being  27  ft.  per  minute. 
The  concentrate  is  f«d  from  a  hopper  by  means  of  a  roller  feed. 

The  air-space  between  the  magnets  and  belt  is  so  arranged  that 
a  coarse  and  fine  garnet  product  is  removed  in  two  stages,  and  leaves 
on  the  belt  a  scheelite  concentrate  containing  about  70%  WO3. 
This  is  carried  over  the  end  of  the  belt,  where  it  is  bagged,  weighed, 
and  sampled.  The  garnet  extract  is  returned  to  the  mill  as  a  pro- 
tection against  faulty  work,  which  may  be  due  to  excessive  feed  to 
the  magnets  or  incomplete  drying  of  the  mixed  concentrate.  The 
current  supplied  to  the  magnets  is  240  volts,  and  three  50-c.p.  lamps 
arc  ])la<'e(l  in  series  as  resistance. 

SAMPLING. 

The  feed  and  tail  samples  are  taken  by  a  well-known  automatic 
device,  which  cuts  across  the  stream  at  regular  intervals.  It  is 
ojieratod  by  a  flow  of  water.  On  this  class  of  product  an  automatic 
device  of  this  kind  is  nmch  to  be  preferred  to  hand  sampling.  The 
Kcheelite  concentrate,  which  is  sewn  up  in  calico-lined  bags,  is  sampled 
by  liand.  A  portion  is  taken  from  each  bag  as  it  is  filled  l)y  means  of 
a  pri<k»M*. 

ASSAY    .METHOD. 

The  methods  of  a.ssay  will  be  dealt  with  in  the  next  section  of  the 
papor. 


128 


HERBERT  LAYERS 


Screen    ^Ina/ysis.  —  The    screen     analysis    was     conducted    under 
difficulties,    owing    to    the    dearth    of    screens    on    the   island.     l>ut 


Product. 

Screen. 

/o 
Weight. 

Assay 

Value 

%  WOj 

%  Garnet. 

%  Nou- 
niagiietic. 

Feed   from   King 

Original 

100.0 

0.88 

66.0 

34.0 

Screen 

Sample 
+  10 

4.6 

0.95 

(contains 
only  0.03 
%  WO3) 

+  50 

56.3 

0.68 

-50 

39.1 

1.17 

Middling       from 

Original 

100.0 

0.027 

98.0 

2.0 

Wilfley  (h) 

+  10 

4.2 

4.2 



+  17 

3.0 

3.1 

— 

+  37 

22.4 

— 

22.6 

10.0 

+  50 

16.7 

— 

16.8 

15.0 

-50 

53.7 

0.056 

53.3 

75.0 

Final      tail      to 

Original 

100.0 

0.06 

— 

dump 

+  10 

3.05 

0.18 

— 

— 

+  17 

5.40 

0.15 

— 

— 

+  37 

19.44 

0.09 

— 

+  50 

13.48 

0.05 

— 

— 

-50 

58.63 

0.03 

— 

Final        concen- 

Original 

100.0 

68.00 



— 

trate 

+  10 

0.8 

64.00 

— 

+  17 

1.9 

69.16 

+  37 

13.2 

71.46 

— 

+  50 

15.6 

72.80 

— 

— 

-50 

68.5 

66.02 

2.5 

— 

enough  data  was  obtained  to  show  where  the  scheelite  values  were 
located.  The  following  facts  are  disclosed  by  an  examination  of 
the  screen  analysis  given  above. 
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FEED. 

The  sample  of  feed,  56.3%  of  which  remains  on  the  50  mesh,  is 
the  minus  product  from  the  King  screen.  This  contains  66  ^q  of 
garnet,  which  assays  only  0.03  %  WO3,  and  is  considerably  below  the 
tailing  value.  The  ])resence  of  such  a  high  ])roportion  of  garnet  is 
suggestive  of  a  method  of  treatment  for  removing  this  at  an  earlier 
stage,  although  it  is  quite  possible  that  the  heavy  garnet  gangue  may 
as.sist  materially  in  cleaning  the  scheelite  on  the  tables.  The  average 
value  of  the  feed  is  0.7  %  WO3. 

CONCENTRATE. 

Owing  to  the  greater  hardness  and  toughness  of  the  garnet  as  com- 
])ar«'(l  with  the  scheelite,  together  with  the  brittle  nature  of  the 
scheelite,  we  are  j)repared  to  find  the  bulk  of  the  concentrate  in  the 
—50  product  (68.5  ^o  ^^  ^^e  final  concentrate).  Taking  this  in  con- 
junction with  the  concentrate  (see  page  128)  from  the  tables  {a) 
and  (c),  it  is  evident  that  the  values  should  be  eliminated  at  the 
earliest  possible  stage  to  avoid  slime  losses.  In  the  — 50  product  there 
is  also  a  small  proportion  of  garnet  which  is  evidently  mechanicallv 
retaincd  by  the  scheelite  when  pas.sing  under  the  magnets. 

This  indicates  the  necessity  for  a  regular,  even,  and  thin  bed  of  the 
mixed  concentrate  j)assing  beneath  the  magnets  to  ensure  the  best 
results. 

A  gradual  increase  in  the  value  of  the  sizings  will  be  noticed  from 
-10  to  +50.  The  low  value  of  +10  (64  %  WOg)  is  due,  on  inspec- 
tion, to  attached  ])articles  of  gangue.  The  highest  value  is  shown 
on  the  +50  (72.8%  WO3),  followed  by  a  drop  to  66.02  "„  ^^'^3  i» 
the  —50  product,  due  evidently  to  the  fine  garnet  (2.5  %)  and  other 
fine  gangue. 

MIDDLING. 

This  product  is  from  table  (b),  and  discloses  the  interesting  fact 
that  the  value  in  this  j)roduct  is  less  than  that  of  the  final  tailing. 
This  suggests  the  j)ossible  rejection  of  a  ])ortion  of  the  middling  at  an 
earlier  stage  in  the  mill  procedure.  The  values  omitted  in  the  products 
above  —50  were  too  small  for  estimation  by  the  methods  in  u.se  during 
this  test.  It  is  also  evident,  from  the  value  in  the  -50  product,  how 
readily  the  brittle  scheelite  is  reduced  to  a  size  which  is  j»roductive 
of  the  greatest  losses. 
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FINAL   TAIL    FROM    TABLES    (('). 

The  chief  value  in  this  product,  as  we  would  expect,  is  in  the  —50 
portion.  Part  of  this  value  is  undoubtedly  derived  from  the  under- 
flow from  the  Callow  settler,  and  it  is  obvious  that  there  is  a  certain 
amount  of  fine  material  carrying  values  which  are  not  recoverable 
under  the  present  system  of  treatment. 

FEED   TO   MAGNETS. 

This  mixed  concentrate  showed,  on  assay,  a  value  of  44.5  %  WO3, 
and  is  composed  of  63.5  %  scheelite  and  36.5  %  garnet.  The  final 
^-oncentrate  from  this  feed  assayed  71.6%  WO3. 

UNDERFLOW   CALLOW   SETTLER. 

The  underflow  from  the  Callow  settler,  which  goes  to  tables  (c), 
showed  an  assay  value  of  0.0114%  WO3. 

This  settler  is  to  some  extent  a  safeguard  in  the  event  of  a  rush  of 
feed  coming  on  the  tables.  The  overplus  is  then  caught  in  the  settler, 
and  serves  to  some  extent  to  regulate  the  feed  to  tables  (c). 

Summary  and  Conclusions. 

The  aim  throughout  the  mill  is  to  obtain  a  mixed  concentrate  of 
garnet  and  scheelite  from  which  the  other  gangue  is  eliminated.  The 
garnet  is  readilv  removed  from  this  mixed  concentrate  by  the  electro- 
magnet, giving  a  high-grade  scheelite  concentrate.  A  higher  recovery 
could  doubtless  be  made  })y  taking  off  a  lower-grade  concentrate  for 
treatment  bv  the  magnets,  but  this  would  entail  a  lower-grade  final 
concentrate. 

Trial  Conceiitrates.- With  this  idea  in  mind,  a  mixed  scheelite- 
garnet  product  was  taken  off  tables  (a)  and  (c),  comprising  a  4-in. 
.sample  from  the  discharge  end  of  five  tables.  On  drying  and  passing 
this  under  the  magnets,  65.5  %  of  scheelite  was  left,  assaying  68  % 
WO3  and  34.5  %  of  valueless  garnet.  It  is  evident  that  the  lower 
grade  of  concentrate  is  largely  due  to  gangue  other  than  garnet, 
which  in  the  ordinary  course  of  treatment  would  be  removed  on  the 
re-dre.Hsing  table  (n). 

Consideration  of  the  flow-sheet  and  screen  analysis  are  suggestive 
of  a  pos.sible  scheme  of  (I)  re-treatment,  or,  on  the  other  hand,  (2) 
an  alternative  method  to  the  j)resent  one. 

(1)  fie-trealment.— Any  method  of  re-treatment  would  operate  on 
the  final  tailing,  as  tliut  is  the  only  reject  from  the  mill.     The  more 
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valuable  portion  of  this  {vide  screen  analysis)  could  be  selected  by 
screening,  and  the  followinor  operations  would  then  be  necessary  : — 

(a)  Grinding  of  portion  of  this,  if  necessary. 

(6)   Elimination  of  any  valueless  slime. 

(c)   Classification  and  thickening  of  feed. 

{(1)  Treatment  of  thickened  feed  on  adjustable  tables  or  vanners. 

(e)   Drying    and    electro-magnetic    treatment    of    mixed    con- 
centrate. 
The  value  of  such  a  scheme  would  depend  upon — 

(1)  The  })resence  of  skilled  labour  to  operate  tables  or  vanners, 

and 

(2)  The  price  per  unit  of  scheelite. 

(2)  Alternative   Treatment. — The   large   proportion   of   garnetiferous 
gangue  (from  60  to  70  %)  indicates  the  necessity  for  its  early  removal 
in  order  to    minimize  wear  and  tear  in  reduction,  etc.,  and  to  con- 
centrate the  values  in  a  small  bulk  for  treatment  on  fewer  tables. 
The  following  is  an  outline  of  the  scheme  : — 
(a)  Coarse  crushing  of  ore. 
{h)  Secondary  crushers, 
(c)   Screening. 
((/)  Grinding  of  oversize  by  special  design  of   ball  or  tube-mill 

to  minimize  ])roduction  of  fines, 
(c)   Treatment   on    roughing   tables   or   jigs   to   remove   coarse 

gangue  and  produce  a  scheelite-garnet  middling. 
(/)   Wet   magnetic  treatment  of  middling  to  remove   bulk   of 

garnet. 
((/)  Classification,  grinding  of  portion  of  the  remaining  product, 
thickening,  and  treatment  on  adjustable  tables  or  vanners. 
{h)  Continuous  mechanical  drying  of  feed  to  magnets. 
(/)   Automatic  weighing,  sampling,   and   bagging  of  final  con- 
centrate. 
Any  scheme  of  treatment  as  outlined  above  would   be  subject  to 
modification  by  experiments  carried  out  on  a  working  scale. 

Tonnage. 

For  the  six-monthly  period  ending  31st  March,  1920.  15,H23  tons 
of  ore  were  sent  to  the  mill  for  treatment,  averaging  0.67  "^,  WOj, 
which  produced  121  tons  7  cwt.  of  concentrate,  averaging  60.6% 
WO3,  representing  a  recovery  of  70.5%. 
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Costs, 
For  the  same  period  the  costs  were  :- 


Ore  extraction 

,,    treatment 
Development   . . 
Overburden  removal 
General  expenses 

Total 


s. 

o 
O 

6 
0 
3 
0 


4.61  ])or  ton  of  ore  mined. 
7.19       „ 
3.02       „ 
6.29       „ 
4.17       „ 


U     1.28 
Garnet  Analyses. 


King  Island  Garnet. 

Broken  Hill  Garnets  and  Garnet- 
Sandstone. 

Constituents. 

( 'oarse 

Product, 

1920. 

Fine 

Product, 

1920. 

Lode 

Garnet, 

1920. 

Country-rock 

Garnet,  after 

C.  H.  Min- 

gaye,  1919.* 

Block  14, 
Garnet-Sand- 
stone, 1920. 

HoO(hy- 

Andr 

adite. 

Spessartite. 

Almandine. 

Spessartite 
type. 

groscopic)!       0.03 

0.02 

0.03 

0.04 

0.24 

H,0  (com-' 

bined)  . . 

0.37 

0.36 

0.30 

0.58 

0.30 

SiO., 

34.83 

34.00 

35.20 

38.12 

38.12 

AUb,      .. 

2.84 

4.01 

21.54 

19.71 

19.82 

Fe^Oj      . . 

25.35 

24.34 

1.25 

6.70 

2.00 

FrO          ..        1.72 

1.26 

12.37 

27.63 

6.84 

MnO         ..        1.28 

2.06 

24.88 

2.05 

27.96 

CaO          ..      32.26 

32.61 

3.45 

1.14 

4.38 

MgO 

trace 

0.42 

0.78 

3.22 

0.16 

Na,0       . . 

0.17 

0.18 

0.08 

0.69 

0.18 

K..0                  1.10 

l.(X) 

0.69 

truce 

0.66 

TiOo         ..,      0.26 

0.34 

0.19 

0.47 

0.26 

u^o      . .       — 

— 

trace* 

— 

Ct.O,      . . 

— 

trace 

— 

WO3 

0.26 

100.35 

— 

Total    .. 

100.21 

100.86 

100.76 

100.92 

8p.  gr.      . . 

(3.66-3.88) 

3.55 

4.18 

♦  spectroscopic  rc-actlon. 
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Garnet  Analyses. 

Owing  to  the  importance  of  the  garnet,  which  forms  66  *^*q  of  the 
lode,  it  was  decided  to  carry  out  some  analyses.  In  order  to  increase 
the  interest  to  members  of  the  Broken  Hill  branch,  I  have  included 
analyses  of  local  garnets  and  garnet-sandstone.  With  the  e.\cej)tion 
of  a  country-rock  garnet  by  C.  H.  Mingaye,*  which  was  included  for 
{)urposes  of  comparison,  the  analyses  shown  in  this  paper  were  carried 
out  in  the  Block  14  Assay  Oftice. 

Amongst  the  points  to  be  settled  by  analysis  were  the  following  : — 

(1)  The  ty})e  of  garnet. 

(2)  Whether  the  coarse  and  fine  garnet  reject  from  the  electro- 

magnets were  of  the  same  composition  ;  and 

(3)  If  the  WO3  shown  in  the  fine  garnet  was  in  combination, 

or  mechanically  adhering  as  scheelite  dust. 

A/xhaditf  (Lime-Iron).  From  an  inspection  of  the  analyses  on 
p.  '132,  it  will  be  seen  that  the  coarse  and  fine  garnet  are 
practically  identical,  and  tliey  conform  to  the  lime-iron  type  known 
as  andradite. 

According  to  Dana,  the  colour  of  this  type  varies  from  wine,  topaz, 
greenish-yellow,  apple-green,  l)rownish-red,  brownish-yellow,  greyish- 
green,  brown,  grevish-black,  to  black.  It  has  a  hardness  of  over  7, 
and  a  specific  gravity  of  3.64-4.0.  Kutley  gives  its  specific  gravity 
as  3.44  and  appro.ximate  composition  as  SiOo  — -  36,  Fej,03  =  30, 
MnO  -  3,  CaO  -  29,   and    K.O  -  2. 

Spessartite  {Manganese- Alumina).  Of  the  Broken  Hill  garnets, 
tlie  lode-garnet  corresponds  to  the  mangane.se-alumina  or  sj)essartite 
type.  Dana  gives  an  analysis  of  SiOg  -^  36.16,  AI2O3  —  1*J.76, 
FeO  -  11.1!),   MnO  ^-  32.18,    MgO  -  0.22,   CaO  =  0.58,  =  100. 

The  colour  of  this  variety  is  a  dark  hyacinth-red,  sometimes  witli  a 
shade  of  violet,  to  brownish-red.  It  is  slightly  translucent  on  the 
edges,  and  has  a  vitreous  lustre.  Its  fracture  is  imperfectly  conchoidal. 
Its  hardness  is  7-7.5.  and  specific  gravity  3.6-4.4. 

Almnndine  {/ron-A/umina).  The  Broken  Hill  country  roi  k  garnet 
corresponds  to  the  iron-alumina  type  or  almandine,  with  an  ap- 
proximate composition  Si0.2--36.l.  M.^Oj  =  20.6,  FeO  =  43.3  ; 
or  manganese  may  replace  some  of  the  iron  and  iron  ])art  of  the 
alumina.     Its  colour  is  from  fine  deep  red  to  brownish-red,  and  its 

•Annual   R-iM.rt.   l>'pf     ot   M  u<-.*.  N.S.W..  1919.  p.   186. 
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lustre  vitreous.  Its  fracture  is  sub-conchoidal  or  uneven,  and  streak 
white.  Its  hardness  is  from  6.5-7.5,  and  specific  gravity  from 
3.7-4.21. 

Garnet  Sandstone. — The  garnet  sandstone,  as  would  be  expected, 
corresponds  to  the  lode  garnet  of  manganese-alumina  or  s[)essartite 
type,  and  therefore  of  secondary  origin. 

It  will  be  noticed,  on  reference  to  the  garnet  analyses,  that  the 
fine  King  Island  garnet  contains  0.26%  WO^,  whilst  there  is  no 
WO3  in  the  coarse  variety.  The  question  then  presented  itself  as 
to  whether  the  WO3  was  in  combination  or  carried  over  mechanically 
with  the  fine  garnet. 

After  careful  tests,  involving  vanning,  drying,  and  treatment  by 
the  electro-magnet,  it  was  found  that  the  amount  of  WO^  in  the 
garnet  was  appreciably  reduced. 

Separate  crystals  of  garnet  were  carefully  cleaned  and  examined 
qualitatively  for  WO 3,  with  negative  results. 

Samples  of  the  garnet  were  examined  microscopically  by  Mr.  T.  A. 
Read,  of  the  Broken  Hill  South  mine,  but  he  was  unable  to  note  the 
presence  of  scheelite  in  the  garnet. 

From  the  above  experiments  it  was  concluded  that  the  WO5  found 
in  the  fine  garnet  is  mechanically  carried  over  by  the  garnet,  probably 
adherincr  as  scheelite  dust. 


Outlook  for  Tungsten  Mineral. 

The  Kin<i  Island  scheelite  mine  was  compelled  to  close  down  in 
August,  1020,  due  to  the  extremely  low  price  ruling  for  tungsten. 
The  ])rice  received  from  the  Imperial  Government  for  concentrate 
during  the  war  was  52/6  per  unit  f.o.b.  at  the  mine.  The  London 
quotation  for  9th  August  last  was  26/6  per  unit  delivered  in  London. 
The  estimated  exj)ense  for  freight,  insurance,  commissions,  and 
realization  approximate  8/-  per  unit,  leaving  a  balance  of  18/6  ])er 
unit  wherewith  to  pay  all  costs  of  mining,  milling,  managerial,  and 
other  expenses.  It  is  estimated  that  it  costs  35/-  per  unit  to  produce 
the  concentrate,  and  it  takes  an  average  of  about  110  tons  of  ore  to 
jjroduce  one  ton  of  70%  concentrate. 

Since  the  company  commenced  production,  in  July,  1017,  67,'>52 
tons    of    ore   have   been    raised,   producing  612   tons  of    higli-grade 
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«cheelite  concentrate,  of  which  560  tons,  valued  at  £95,142,  have  been 
taken  delivery  of  by  the  Imperial  Oovernment,  leaving  a  balance  of 
43  tons  now  stacked  at  the  mine. 

G.  J.  Young,  writing  in  the  Engineer hif/  and  Minin(/  Journal  of 
17th  January,  1920,  on  the  tungsten  mining  industry,  says: — "The 
opening-up  of  China  as  a  tungsten-producing  country  brought  the 
Morld's  production  in  1918  to  well  over  oCOOT)  tons,  or  a])out  four 
times  the  ])re-war  figure.  Early  in  1917  supply  and  demand  were 
about  equal.  The  Chinese  ore  can  be  delivered  in  the  United  States 
at  a  price  at  which  no  home  mine  ore  can  compete.  The  i)roved 
Asiatic  ])roduction  costs  do  not  exceed  2  dollars  per  unit.  After 
paying  taxes,  freight,  brokerage,  and  other  charges,  the  Asiatic 
tungsten  ores  are  to-day  being  sold  in  New  York  at  6  dollars  j)er  unit. 
There  is  no  question  that  the  jirice  of  foreign  ores  will  increase  to 
probably  just  below  our  production  cost,  or  even  up  to  our  produc- 
tion cost.  The  Chinaman  is  shrewd  enough  to  regulate  the  taxes 
or  '  squeeze  '  so  as  to  a])proximate  the  ])rice  on  our  markets.'* 

A  quotation  from  Vice-Consul  Carl  C.  Hansen,  at  Bangkok, 
published  in  Beamo,  A])ril.  1920,  states  that  the  potential  })roduction 
of  tungsten  metal  is  unlimited,  and  that  the  ore  is  widely  distributed 
throughout  the  Siamese  Malaya  and  Northern  Siam.  The  metal- 
lurgical outlook,  therefore,  from  the  point  of  view  of  tungsten  alloys 
is  encouraging.  At  present  production  has  practically  ceased  in 
these  countries. 

It  looks  as  though  the  future  for  tungsten  mineral  will  be  found  in 
an  increa.sed  consumption  of  the  metal  resulting  from  a  growing  recog- 
nition of  its  many  varied  and  useful  qualities.  The  present  low  price 
of  the  metal  will  doubtless  have  the  desired  effect  of  directing  attention 
along  these  lines. 
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Part  III. 
ASSAY  OF  LOW-GRADE  MATERIAL. 

THE    ESTIMATION. 

TrxGSTEN  is  estimated  gravinietrically,  for  the  reason  that  no  suitable, 
reliable,   volumetric  or  colorimetric  method  has  been  evolved. 

The  form  in  which  tungsten  is  estimated  is  the  trioxide  WO3,  and 
this  is  ])reci])itated  either  from  solutions  of  mineral  acids  or  thrown 
out  of  solution  by  such  precipitants  as  mercurous  nitrate,  cinchonine, 
or  benzidine.  The  estimation  is  based  on  the  fact  that  the 
yellow  modification  of  tungstic  acid  is  practically  insoluble  in  dilute 
mineral  acids,  and  soluble  in  ammonium  hydrate  or  caustic  alkalies. 
This  principle  has  been  successfully  applied  to  high-grade  ore  or 
concentrate,  but  in  dealing  with  low-grade  material  the  precipitation 
of  WO3  is  more  or  less  incomplete.  Below  a  certain  concentration 
the  change  to  the  yellow  modification  does  not  readily  take  place, 
and  there  is  a  pronounced  tendency  of  the  WO 3  to  form  stable  soluble 
complexes  with  a  number  of  elements,  as  mentioned  under 
*' Chemistry  "   (section   1). 

This  tendency  is  increased  when  the  solution  is  taken  to  dryness, 
and  often  tungsten  has  been  reported  absent,  on  this  account,  even 
when  present  in  appreciable  quantities. 

Development  of  the  Method. 

The  tungsten  estimation  has  develoj)ed  along  the  following  lines  : — 

1.  Afjua  liefjia  Methods.  These  involved  an  attack  with  acids, 
sometimes  combined  with  hydrofluoric  acid,  oxidation,  and  precipita- 
tion of  WO3  in  nitric  acid  .solution,  solution  of  tlic  WO.,  by  amnioiiiuin 
hvdrate,  evaporation,  and  subsequent  ignition  of  ainiiioniimi  tungstate 

to       WO;,. 

2.  Mercury  Methods.  The  attack  was  by  acid,  or  fusion  witli 
alkalies,  WO3  j)recipitated  by  mercurou.'^  nitrate,  and  mercurous 
tungstate  ignited  to  WO.,. 

At  a  later  period  attark-  |,y  caustic  alkali  was  successfully 
applied. 
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3.  Cinchonine  Methods. — In  these  methods  a  dilute  hydrochloric 
acid  solution  of  cinchonine  was  the  precipitant,  and  the  method  of 
attack  might  be  either  by  (a)  acid,  (6)  digestion  with  caustic  alkali, 
or  (c)  fusion. 

(a)  Acid  Attack. — This  followed  the  lines  of  the  aqua  regia  methods, 
with  the  exception  of  the  use  of  hydrofluoric  acid. 

(/;)  Digestion  with  Caustic  Alkali. — This  is  a  more  or  less  selective 
attack,  wherein  the  tungsten  is  brought  into  solution  as  an  alkali 
tungstate. 

(c)  Fusion. — This  may  be  carried  out  in  platinum,  nickel,  silver, 
or  silica  crucibles  or  dishes,  depending  on  impurities  in  the  charge, 
its  amount,  and  the  fusion  agents.  These  latter  might  be  either 
sodium  carbonate,  fusion  mixture  (Xa.iCOa  +  K2CO3),  sodium 
peroxide,   })otassium   bisulphate,  sulj)hur,  etc. 

Various  modifications  of  the  above  have  been  evolved  to  meet 
special  cases,  and  no  one  method  can  be  advocated  as  suitable  for  all 
ores.  Each  ore  requires  separate  study,  and  where  any  quantity  of 
it  has  to  be  dealt  with  it  should  be  carefully  analysed  to  determine 
the   interfering  elements  that  may   be   present. 

A  method  which  may  be  eminently  suitable  for  a  high-grade  ore  or 
concentrate  might  obviously  be  quite  unsuitable  for  an  ore  or  residue 
carrying  less  than  0.5  "q  ^^'^3-  The  bulk  of  the  available  methods 
are  designed  for  high-grade  ore,  or  concentrate,  and  a])p]ie(l  in  that 
respect  are  well  established  and  satisfactory. 

In  dealing  witli  low-grade  ore  and  mill  })roducts,  such  as  tliose  of 
the  King  Island  scheelite  mine  and  mill,  certain  methods  suggested 
the  possibility  of  successful  treatment  and  reliable  results.  With  a 
residue  running  as  low  as  0.1  %  WO3,  it  was  quite  evident  that  no 
reliance  could  be  j)laced  on  methods  which  involved  the  treatment 
of  less  than  5  grm.  of  the  material.  This  factor  practically  decided 
the  type  of  method  which  was  likely  to  prove  most  suitable. 

KiNf;  Island  Mkthop. 

The  method  evolved  on  the  mine  for  the  assav  of  low-grade  ore  and 
mill  products  embraced  the  j)rocedure  as  apj)lied  to  the  assay  of  the 
concentrate,  together  with  a  preliminary  vanning  and  magnetic  treat- 
ment, to   remove  thu   bulk   of  the  gangue.     The  only  advantage   of 
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this  method  lay  in  the  fact  that  a  large  quantity  of  the  material 
could  be  taken  for  assay.  The  success  of  the  method  depended  to  a 
large  extent  on  the  skill  of  the  man  using  the  pan,  and,  although  an 
experienced  operator  might  get  concordant  results,  one  would  expect 
them  to  be  on  the  low  side,  due  to  mechanical  losses  in  panning  and 
magnetic  treatment. 

The  procedure  is  as  follows  for  feed  and  tailings  :-  -  In  the  case  of 
feed,  100  grm.  are  taken  ;  for  tailings,  1000  grm.  The  sample  is 
crushed  to  pass  a  40-mesh  screen,  concentrated  by  vanning  to  small 
bulk  or  until  the  maximum  amount  of  non-magnetic  gangue  is 
removed,  dried,  and  passed  under  the  electro-magnet  to  remove  the 
garnet.  The  residue  is  crushed  very  finely  in  the  agate  mortar^ 
brushed  into  a  casserole,  and  50  cc.  strong  HCl,  together  with  10  cc. 
of  a  10  %  potassium  nitrate  solution,  added.  The  assay  is  stirred 
to  ^prevent  particles  adhering  to  the  bottom  of  the  casserole,  heated 
at  moderate  temperature  until  decomposed,  evaporated  to  apjDroxi- 
mate  dryness,  re-treated  with  strong  HCl,  and  again  eva])orated  to 
apparent  dryness.  Re-treat  with  strong  HCl,  dilute,  heat,  and  filter  ; 
wash  well  with  1  %  solution  of  HCl.  Pour  over  the  filter  dilute 
ammonium  hydrate,  and  then  a  few  drops  of  strong  ammonium 
hydrate  till  all  WO 3  is  in  solution,  catching  the  filtrate  in  a  weighed 
])latinum  dish.  Evaj)orate  to  small  bulk  on  water-bath,  add  excess 
of  strong  NH4HO,  and  evai)orate  carefully  to  dryness.  Heat  residue 
carefully  to  drive  ott'  ammonium  salts,  then  to  a  red  heat  until  the 
WO3  is  a  canary-yellow  colour.  Avoid  overheating,  weigh  until 
constant,  and  report  as  tungstic  oxide,  WO3.  Triplicate  assays  on 
a  sample  of  tailings  gave  the  following  results : — 0.09  %  WO-^, 
0.08  o;,  WO3,  0.086%  WO3. 

MILL    METHOD. 

As  a  rapid  and  ai)proximate  method  for  use  in  the  mill,  the  above 
might  be  apj>lied  up  to  the  j)oint  of  the  magnetic  treatment,  when  the 
re.sidual  scheelite  <ould  be  weighed  and  calculated  to  WO3,  a  correction 
factor  being  a))y)lif'(l  for  the  impure  concentrate.  The  weak  j)oint  of 
the  King  Island  method,  in  keeping  with  other  aqua  regia  methods,  is 
its  liability  to  low  results  due  to  retention  of  WO3  in  the  acid  liquors 
of  the  assay.  In  order  to  test  this  point,  an  assay  was  made  on  King 
Island  tailings  by   the    acid  method,  taking    a    H  grm.  charge.     The 
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amount  of  WO3  found  was  0.244  %.  The  acid  liquors  were  treated 
\rith  cinchonine,  and  gave  a  further  0.028%  WO3,  making  a  total 
of  0.272%  WO3. 

Amongst  the  numerous  methods  investigated  by  the  writer  in  the 
quest  for  a  suitable  one  for  the  King  Island  ore  and  residues,  those 
of  H.  W.  Hutchin  *  seemed  to  offer  most  jiromise. 

Several  of  these  permitted  the  use  of  the  maximum  amount  of  ore 
for  assay,  and  employed  a  solution  of  cinchonine  as  the  precipitant 
for  WO3.  Cinchonine  was  selected  in  preference  to  mercurous 
nitrate,  as,  from  experimental  work,  it  appeared  to  give  a  more 
complete  ])recipitation  of  the  WO3,  and  the  precipitate  was  a  better 
one  to  manipulate.  The  disadvantage  of  cinchonine  is,  that  the 
cinchonine  tungstate  takes  longer  to  settle  out  than  the  mercurous 
tungstate.  The  base  cinchonine  is  a  bulky  white  powder,  and  only 
''^lightly  soluble  in  water,  but  dissolves  readily  in  dilute  HCl.  A  con- 
venient strength  of  solution  is  5  ^o'  ^^^  is  made  up  by  weighing  out 
the  base,  treating  with  water,  and  adding  the  minimum  amount  of 
HCl  to  effect  solution.  It  keeps  indefinitely,  and  5  cc.  is  sufficient 
to  precipitate  WO3  in  quantities  up  to  100  mg.  The  cinchonine 
serves  to  throw  out  the  whole  of  the  tungstic  acid  from  the  acid  liquors 
of  the  assay,  and  so  counteracts  the  weakness  in  this  respect  of  the 
various  acid  methods.  The  most  suitable  conditions  for  the  pre- 
cipitation of  cinchonine  tungstate  from  solutions  of  alkali  bases  are, 
in  a  mininmm  of  acidity,  a  bulk  of  100  to  200  cc,  warm  solution, 
standing  overnight  if  possible.  The  precipitate  should  be  washed 
with  a  weak  solution  of  cinchonine.  This  last  is  an  important 
point,  otherwise  small  amounts  of  cinchonine  tungstate  would  be 
carried  through  the  filter  by  a  water-wash.  Where  a  number  of 
assays  are  to  be  made  they  could  be  brought  to  the  precipitation 
stage  in  the  late  afternoon  and  com])leted  the  ft)llowing  morning. 

Having  selected  the  methods  considered  most  suitable  for  the  tv])e 
of  ore  and  product  under  consideration,  samples  of  feed  and  tailings 
were  taken  for  the  experimental  work.  The  feed  assayed  about 
0.9%  WO3.  and  the  tailing  about  0.27%  WO3. 

Mercury  Method.  The  line  of  attack  was  commenced  with  the 
nuTcury  method.     This  method  is  similar  to  the  cinchonine  methods 


•  ••  The  ltu(«  of  Ciiicliniiiii.'   Ill  fhr  .\s»;iy  of  TutiKHtcn  Mliurali«."  »«y  H.  W    Hiit(  liin.  I  M  M. 
H.ill.  fin  lf.4      May  30th.  lOld. 
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(described  at  a  later  stage)  ii]i  to  tlie  ])oint  of  ])reeipitation,  where 
the  sohition  is  neutralized  with  nitric  acid  instead  of  hydrochloric 
acid.  The  ))recij)itation  is  carried  out  in  a  strictly  neutral  solution 
with  mercurous  nitrate.  The  results  on  a  sain])le  of  tailings  were 
anything  but  concordant.  With  a  sodium-peroxide  fusion  a  result* 
of  0.37  ^o  WO3  was  obtained,  and  digestion  with  caustic  soda  gave 
results  of  0.038  ^o  ^VOg   and  0.048%  WO3   respectively. 

A  sample  of  2  grm.  of  feed  was  then  fused  with  sodium-peroxide  in 
a  nickel  crucible,  and  gave  a  result  of  0.73%  WO3.  With  the 
exception  of  the  first  result,  which  was  not  corrected  for  SiOo,  these 
as.says  by  subsequent  work  were  shown  to  be  low. 


riX(  HOXINE    MKTHODS. 

Acid  Attack.  The  method  used  was  as  follows  : — 5  grm.  charge, 
finelv  })owdered.  boiled  down  with  50  cc.  str.  HCl  to  about  5  cc,  a 
few  drops  HNO3  added,  and  digested  for  five  to  ten  minutes  longer. 
Dilute  to  100  cc,  raise  to  boiling,  nearly  neutralize  with  caustic  soda 
solution  (25  ^o)  ^"^^  ^"  excess  of  20  cc.  finally  added.  Solution  boiled 
for  a  few  minutes,  cooled,  transferred  to  a  250  cc.  flask,  volume 
adjusted  to  250  mark,  allowed  to  settle,  and  200  cc.  filtered  of?.  To 
filtered  portion  added  HCl  till  just  acid,  then  5  cc.  cinchonine  solution, 
warmed  and  stirred  well,  finally  allowed  to  stand  a  few  hours  or  over- 
night, filter,  wash  with  dilute  cinchonine  solution,  ignite,  and 
weigh  as  WO3.  A  sanijile  of  5  grm.  of  tailings  by  this  method 
gave  0.288^0  inipure  WO3,  and  on  correcting  for  SiOo  with  HF 
gave  0.268  %  WO3. 

A  further  .sample  of  10  grm.  of  tailings  was  taken,  and  the  solution 
bulked  up  to  5fX)  cc.  250  cc.  of  the  clear  solution  was  syphoned  off 
and  ])recipitated,  giving  imi)ure  WO3  as  0.308%.  Correcting  this 
for  SiO,^  gave  a  valuf  of  0.272  %  WO3.  The  other  half  of  the  solution 
was  filtered  and  precipitated,  giving  im))ure  WO3  as  0.316*^0-  ^vhich, 
on  correction  for  SiOg,  gave  a  result  of  0.272%  WO3. 

Modification  A.— A  further  10  grm.  of  tailings  was  "treated,  using 
less  acid  for  the  attack,  in  order  to  conserve  time.  The  results  in 
this  ca.sc,  by  halving  the  solution,  gave  0.260%  WO3  and  0.256% 
WO3  respectively,  rather  pointing  to  an  incomplete  attack. 

•  Not  corrrclrd  for  S10|. 
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Modifi(  ation  B.  The  method  was  again  somewhat  modified  by 
treating  a  10  grin,  charge  of  tailings  with  40  cc.  HCl  and  finally 
•evaporating  to  about  3  cc.  with  the  addition  of  HN()3.  The  residue 
was  then  digested  with  20  cc.  of  (25  ^q)  NaOH  for  10  minutes, 
diluted  with  water,  and  filtered.  The  solution  was  bulked  to  400  cc. 
and  two  (200  cc.)  j)ortions  precipitated  with  cinchonine.  The  results 
after  correction  were  0.22^0  ^^'^3  and  0.248  ^^  WO3,  which,  in  the 
light  of  subsequent  work,  were  unsatisfactory. 

DIGESTION    WITH    TAUSTIC    ALKALI. 

With  this  method  the  charge  may  be  as  high  as  12.5  grm.,  which 
is  a  considerable  advantage  in  the  case  of  low  residues. 

Method.— The  ore  is  digested  in  a  4-in.  dish  with  20  cc.  caustic 
soda  (25  *^^o)  on  a  water  bath  for  40  minutes,  diluted  with  very  weak 
.soda  solution,  transferred  to  a  250  cc.  flask,  and  the  volume  adjusted 
to  250  cc.  200  cc.  of  a  filtered  ])ortion  is  just  acidified  with  H('l> 
5  cc.  cinchonine  solution  added,  warmed,  allowed  to  stand,  etc. 

A  5-grni.  charge  of  the  tailing  was  treated  by  this  method  and  gave 
a  value  after  correction  for  SiO^  of  0.256  ^q  ^^0^. 

Modification  C-  A  further  amount  of  12.5  grm.  of  tailings  was 
digested  for  one  hour  with  20  cc.  of  caustic  soda  (25  "q).  The  wliole 
was  then  partially  neutralized  with  HCl  and  filtered.  The  filtrate 
was  evaporated  to  100  cc,  made  just  acid  with  HCl,  and  precipitated 
by  the  addition  of  5  "^  cinchonine  solution.  After  warming  and 
stirring  it  was  allowed  to  stand  overnight,  filtered  cold,  washed  with 
weak  cinchonine,  and  weighed  ;  this  gave  a  result  of  0.25(5  ^\y  WO^. 

These  figures  seemed  on  the  low  side,  ])ossibly  due  to  incom])lete 
attack.  In  order  to  test  this  ])()int  a  .sam])le  of  3  grm.  of  feed  was 
taken  and  digested  as  in  the  original  method  and  filtered.  The 
residue  was  reserved  for  further  treatment.  The  W()3  was  pre- 
cipitated with  cinchonine,  and  gave  a  value  of  0.803  **(,  ^V().,  after 
■correction  for  SiOg.  The  residue  from  the  digestion  was  then  dried, 
incinerated,  and  fused  with  sodium  jxTo.xidr  in  a  nickel  crucible, 
the  fu.sion  dis.solved  in  water,  etc.,  and  jirecipitated  with  cinchonine. 
An  additional  precijiitate  of  WO3  was  (>l)tained,  amounting  to 
0.116  **o.  gi^'i"^'  H  total  of  0.9H)*',,  WO3.  It  was  evident  from  this 
that  the  attack  l)v  caustic  soda  was  incomplete.  To  achieve  successful 
results   by   this   jnethod     line   grinding   is  essential.       With    ore     and 
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residues  tliis  may  be  carried  out  in  a  Wedgwood  mortar.  A  sample 
of  10  grm.  can  be  sufficiently  reduced  in  20  minutes  in  a  9-in. 
mortar. 

ATTACK    BY    FUSION. 

The  charge  in  the  case  of  this  method  is  necessarily  limited,  but 
it  can  be  relied  on  to  bring  all  the  WO 3  into  solution.  The 
most  satisfactory  fusion  was  obtained  with  sodium  ])eroxide  in  nickel 
crucibles. 

Method. — The  finely-})owdered  ore  is  intimately  mixed  with  four 
times  its  weight  of  sodium  peroxide  in  a  nickel  crucible  and  fused 
for  about  30  minutes.  The  fusion  is  poured  on  to  a  porcelain  tile^ 
and,  when  cool,  ])laced.  together  with  the  crucible,  in  a  beaker,  and 
the  melt  dissolved  out  with  water.  Filter  and  wash  well  with  water. 
The  filtrate  contains  WO3  in  solution,  together  with  M0O3,  Al203y 
phosphates,  etc.  Make  slightly  acid  with  HCl,  add  a  few  drops  of 
NH4OH  to  precipitate  Group  III.  metals.  Filter  and  wash  with  hot 
water.  Make  filtrate  just  acid  with  HCl,  add  10  cc.  cinchonine  solution, 
warm,  and  stir,  and  allow  to  stand  for  2  hours  or  over-night.  Filter 
cold,  washing  with  0.1  ^q  cinchonine  solution.  Should  any  cloudiness- 
appear  in  filtrate  it  must  be  re-filtered.  An  8-cm.  ashless  filter  paper 
is  used.  The  precipitate  is  dried,  ignited  at  red  heat,  and  weighed 
as  WO 3,  which  should  be  a  bright  canary-yellow.  With  a  charge 
of  5  grm.  of  tailings,  the  percentage  of  WO3,  after  correction  for 
SiOo,  was  0.28  %. 

A  further  assay  was  run  on  12.5  grm.  of  tailings,  fused  in  successive- 
portions.  After  solution  of  the  melt  in  water  the  liquid  was  trans- 
ferred to  a  500  cc.  cylinder  and  bulked  up  to  500  cc.  200  cc.  of  the 
clear  liquid  was  taken  off  by  ])ipette,  acidified  with  HCl,  and  excess 
ammonium  hydrate  added.  The  solution  was  filtered  and  j^recipitated 
as  before,  and  the  resulting  WO3,  after  correction,  was  0.28%. 

The  residue  from  this  fusion  was  digested  with  20  cc.  of  a  (25  %) 
NaOH  .solution  for  45  minutes,  and  treated  as  in  the  soda  digestion 
mfthrxi  for  WO3.  There  was  no  ])r('(i|)itat('  with  cinchoTiine,  so  the 
extraction  was  evidently  com[)Iete. 

VOUMK'IHIC    MK'IHODS. 

A  volumetric  method  whirh  would  repliKc  the  \()i)if  and  tedious- 
gravimetric   methods,  and   at   the   same   time    l)e   accurate,   would   be 
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very  welcome.  G.  M.  Enos,*  in  introducing  his  method,  mentions 
the  fact  "  that  even  a  skilled  analyst  cannot  complete  an  analysis  by 
sojne  gravimetric  methods  in  less  than  ten  to  fifteen  hours." 

Enos's  Method. — The  outline  of  Enos's  proposed  volumetric 
method  is  as  follows  : — It  consists  in  acidifying  a  solution  of  an 
alkaline  tungstate  with  sulphuric  acid,  and  the  reduction  of  the 
tungsten  from  the  hexavalent  to  the  tetravalent  state  in  acid 
solution  by  means  of  a  Jones  reductor,  and  finally  oxidizing  the 
tungsten  to  the  hexavalent  condition  with  a  standard  solution  of 
j)Otassium  permanganate. 

The  results  tabulated  with  this  method  appear  promising,  but  the 
lowest  grade  of  ore  treated  by  Enos  was  a  tungsten  sand  carrying 
2.8%  WO3.  Several  attempts  were  made  to  a])ply  this  method  to 
the  King  Island  tailings,  but  without  -success.  Evidently  it  is  a 
method  more  adapted  for  a  higher  grade  ore. 

Further  experiments  were  carried  out  with  a  view  to  shortening 
the  time  required  for  the  estimation  and  at  the  same  time  avoiding 
the  final  gravimetric  estimation,  with  its  liability  to  manipulation 
losses. 

yew  Volumetric  Method. — The  following  volumetric  method  was 
eventually  evolved.  In  outline  it  is  as  follows  : — The  WO3  is  obtained 
in  solution  either  by  soda  digestion  or  alkali  fusion,  and  ])recipitated 
by  means  of  cinrhoninc.  The  precipitate  of  cinchonino  tungstate  is 
dissolved  in  ammonium  acetate,  to  which  is  added  a  definite 
volume  of  lead  acetate  of  known  strength,  in  excess  of  that 
required  to  react  with  the  ammonium  tungstate.  The  excess 
lead  acetate  is  then  titrated  with  a  standard  solution  of  ammonium 
molybdate,  and  from  the  amount  of  lead  acetate  consumed  the  WO3 
is  cahulated. 

Th«'  detail  is  as  follows  :-  For  tailings  the  soda  digestion  attack 
would  be  best,  as  a  larger  charge  could  be  taken.  For  feed  and  ore 
the  peroxide  fusion  would  be  suitable.  Whichever  method  of  attack 
is  followed,  the  WO3  is  obtained  in  solution  as  an  alkaloid  tungstate, 
and  the  following  reactions  are  involved  :- 

(a)     CaWO^       +     2NaH()    -    C'a  (H0)2    +   Nu.WU^. 

Calcium  ,  sodium  calcium        ,  sodium 

m  *^'id  ,      ,  give  ,     ,  and 

lungstate  livdrate  hydrate  tungstate. 


Miniuj  and  Seientific  Pret$,  Juno  12,  1020  (abetract  from  Fahasapa  Quarterly). 
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(b)  Xa.\V04  +  (Ci9H.oN.O)o2HCl  =  2NaCl     +     (C19H22  N.O). 

H2WO4. 

Sodinni  ,     ■     ,      •         •        sodium  ,     cinchonine 

_,  and  oinchonine  give     .  ,     .  .       and 

J  nn<:state  clilonde  tungstate. 

{€)  (C',9HooN.0)oH,AV04     +    2(NH4)CoH30.     =     (Ci9Ho.>NoO)2 

(HKH3O2).,  +  (NHJ.^VO^. 

CMnchonine        .   ammonium  cinchonine        .    ammonium 

_  and  ,  give         ,    ,  and 

lungstate  acetate  acetate  tungstate. 

(</)  (NH/)2W0^  +  Pb  (CoHgOo).  =  oCNHjCoHgO.  +  PbWO^. 

Ammonium  lead  .         ammonium  lead 

_,  and  give  and 

lungstate  acetate  acetate  tungstate. 

(e)  PblC.HgOo)^   +  (XH^)oMo04    =     PbMoO^   +  oNH^C^HgO,. 

Lead  .       ammonium     .        lead  .  ammonium 

.  and  ,   ,  ,  give         ,   ,  ,       and 

Acetate  molybdate  molybdate  acetate. 

The  precipitate  of  cinchonine  tungstate,  after  thorough  washing,  is 

placed,  together  with  the  filter  paper,  in    the    beaker  used  for  the 

j)reci])itation,    and    covered    with    10   cc.  ammonium   acetate.     After 

N 
boiling  for  a  few  minutes  to  effect  solution,  20  cc.  of-^  lead  acetate 

is  added  to  ])reci])itate  the  tungsten  as  lead  tungstate.  Allow  to 
stand  on  hot  ])late  for  half  an  hour,  and  titrate  the  excess  of  lead 
acetate  with  a  standard  solution  of  ammonium  molybdate. 

It  will  be  noticed  in  the  following  experiments  that  a  standard 
.solution  of  ammonium  molybdate,  approximating  to  a  1  %  solution, 
is  used.  This  solution  hapjiened  to  be  made  up,  but  a  solution  of 
about  half  that  strength  would  be  better.  This  would  double  the 
burette  reading  and  minimize  the  chance  of  error.  By  using  this 
method  considerable  time,  otherwise  spent  in  mani])ulation,  is  saved. 
The  precipitate  of  cinchonine  tung.state  has  not  to  be  ignited  and 
weighed,  nor  corrected  for  SiOg,  and  the  re-fusion  of  the  WO3  for  the 
removal  of  riroiij)  III.  bases  is  also  avoided. 


Solutions  Required. 

Ammonium  Acetate.-   Equal  volumes  of  water,  ammonium  hydrate, 
and  glacial  acetic  acid,  well  mixed  and  made  slightly  alkaline. 
Lead  Acetate.  -10.125  grm.  ])er  litre. 
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Ammonium  Molybdate. — 8.7  grm.  i)er  litre. 

Example. — 

20  cc.  Pb  (C.HaOo)^  =21.9  cc.  (XH^)oMo04.  • 

.  •  .  1  cc.  {NH^),MoO^  =  0.00989  grm.  lead. 

.-.20  cc.   Pb   (C2H30o)o   added   to  assay  21.9   x  O.0()989  = 

.216591  gnu.  Pb. 

and   excess  titrated   with   (NH^).,MoO^  =  20.8   x  0.0(HKS9  ^  .20.5712 

grm.   Pb.     The  difference  0.216591  -0.205712  =  0.010879   gnu.    Pb 

consumed  by  WOj.  . 

207  parts  lead  =  232  parts  WO;^. 

0.010879   232   100   I   ,«,«^„,.^, 

.  •  .  i X  ^,„  X       -  X  -  =  0.243  o     WO... 

1  207         1         5  o         . 

Precautions  for  Running  the  Assay. 

1.  Necessity  for  very  fine  grinding. 

2.  Thorough  washinji  of  residue. 

3.  Keeping  solution  low  in  bulk  to  avoid  ev'ai)oration3. 

1.  -Vny   elements     which    react    with    lead     acetate     must     be 

removed — ejj.,  molybdenum. 

Two  grm.  of  the  feed  were  treated  bv  this  method,  using  tiio  soda 

digestion    attack  and   filtering  the   whole  of    the    assay,   instead   of 

bulking  up  and  taking  an  aliquot  part,  as  in  the  tailings  as.say.     The 

amount  of  WO^  obtained  was  0.81  %. 

Convenient  bulks  to  make  assay  up  to  before  taking  an  aliipiot 
part  are  the  following  : — 

12.5  grm.  ore  dilute  to  500  cc. 
10.0  „  „  1(H)    „ 

6.25  „  „         25()    „ 

5.00  „  „         200    „ 

In  each  case  take  200  cc.  of  a  filtered  portion.  This  will  be  equivalent 
to  5  grm.  ore. 

Further  assays  were  run  on  the  feed  by  this  method,  using  the 
sodium  j>eroxide  fusion  in  nickel  crucible.  Two  grm.  of  ore  were 
taken  in  each  case,  and  gave  respectivelv  0.88  °(,  WO3  and  0.94  °o 

WO3. 

Comparison  of  results  of  the  fusion  with  tho.se  bv  the  soda  digestion 
method  rather  jioints  to  an  incomplete  attack    bv    the   caustic   soda. 
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This  difference  is  also  accentuated  by  the  presence  of  a  small  amount 
of  molybdenite  in  the  ore,  amounting  to  0.007  ^^^  molybdenum.  In 
the  soda  digestion  attack  this  would  only  be  partially  dissolved,  whilst 
with  the  alkali  fusion  the  whole  of  it  would  go  into  solution.  The 
molybdenum  would  then  be  precipitated  as  cinchonine  molybdate, 
which  would  in  turn  combine  with  the  lead  acetate,  leaving  a  smaller 
excess  to  be  titrated  by  ammonium  molybdate.  The  final  result  would 
thus  be  too  high.  This  point  was  demonstrated  by  adding  0.02  grm. 
molybdenite  to  a  2-grm.  assay  of  the  feed  and  running  it  in 
conjunction  with  a  similar  assay  without  the  addition  of 
molybdenite.  The  consumption  of  (NHj^)2MoO^  in  the  first  instance 
was  14.8  cc,  whilst  in  the  second  case,  without  adding  molybdenite, 
it  was  17.9  cc. 

The  same  thing  occurs  in  the  gravimetric  estimation  in  the 
presence  of  molybdenum — high  results  are  obtained.  In  the  case 
of  the  feed  under  consideration,  the  amount  of  Mo  i:)resent  is 
small  (.007  ^q),  but  where  ores  containing  larger  quantities  are 
to  be  assaved  this  volumetric  method  could  only  be  applied 
after  removal  of  the  molybdenum.  This  might  be  done  in  the 
-combined  cinchonine  precipitate  by  re-solution  and  precipitation  of 
molybdenum  by  HoS. 

In  the  case  of  the  gravimetric  estimation,  the  final  precipitate  of 
WO3  is  fused  in  a  platinum  crucible  with  NagCOg  or  KHSO4,  dissolved 
in  water,  tartaric  acid  added,  and  the  molybdenum  precipitated  as 
M0S2  by  HgS,  ignited  to  M0O3,  and  weighed,  this  weight  being  deducted 
from  the  WO3. 

Other  volumetric  methods  were  attempted,  based  on  the  solubility 
of  W()3  in  caustic  soda  and  alcoholic  potash,  but  the  results  were  not 
.sufficient! V  encouraging  to  proceed  with  them. 

COLORIMETRIC    METHODS. 

Attention  was  now  turned  to  colorimetric  methods,  as  many  of 
the  elements  are  successfully  estimated  by  these  means,  even 
when  present  in  very  small  quantities.  In  the  method  employed 
for  the  detection  oi  the  presence  of  tungsten  in  ores,  given  in 
an  earlier  section  of  the  paper,  zinc  or  tin  is  added  to  the  hydrochloric 
acid  solution  of  the  ore.     In  the  presence  of  tungsten  a   blue  colour 
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is  obtained.  An  attempt  was  made  to  ap])ly  tliis  reaction  in 
the  following  procedure  • — A  solution  of  stannous  chloride  was  pre- 
pared by  dissolving  20  grm.  of  tin  in  HCl  and  diluting  to  KH)  cc. 
0.01  grm.  of  pure  WO3  was  dissolved  in  sodium  hydrate  (20*^o) 
and  acidified  with  HCl. 

5  cc.  of  the  above  SnCU  solution  was  then  added,  and  a  distinct 
blue  colour  was  imparted  to  the  solution.  This  colour  was  permanent 
for  some  time,  even  in  the  cold. 

This  method  was  now  a])j)lied  to  the  ore.  A  charge  of  4  grm.  was 
taken,  digested  with  20  cc.  of  25  %  XaHO,  filtered,  and  the  WOjj 
precipitated  with  cinchonine.  The  cinchonine  tungstate  was  then 
dissolved  in  freshly-prepared  ammonium-chloride  solution  (made 
from  NH4HO  and  HCl).  10  cc.  of  the  SnCU  solution  was  added, 
and  a  bluish-violet  colour  was  imparted  to  the  solution. 

A  standard  solution  was  prepared  from  0.01  grm.  of  j)ure  WOj^ 
using  the  same  method  of  reduction  with  SnCl.,. 

Owing  to  the  violet  tinge  in  the  assay  it  was  found  difficult  to  get  an 
accurate  comparison,  but  the  result  accepted  gave  a  percentage  of 
0.75%  WO3. 

A  further  estimation  by  the  same  method  gave  a  value  of  0.93% 
WO3  in  the  ore. 

Taking  3  grm.  of  the  ore,  })y  the  same  method  a  value  of  0.99  % 
\V03  was  obtained. 

Further  estimations  on  2  grm.  of  feed,  by  varying  the  mode  of 
attack,  gave  the  following  results  : — 

No.  1,  fused  with  Xao02  in  a  nickel  crucible. 
No.  2,  digestion  with   NaHO. 

No.  1  gave  a  result  of  1.10  <>;,  WO3  and  No.  2  1.16  ^^^  WO3. 

A  further  modification  was  tried  by  igniting  the  cinchonine  tungstate 
to  WO3,  di.ssolving  the  WO3  in  NaHO,  and  reducing  as  ])efore.  This 
only  served  to  intensify  the  violet  tinge  in  the  blue  solution. 

From  experiments  with  a  solution  containing  molybdenum,  it  wa.s 
found  that  a  similar  violet  colour  was  o])tain»Ml.  Even  with  the  small 
percentage  of  molybdenum  in  the  ore  (0.007  '*„)  this  method  is  not 
sufficiently  reliable.  A  method  is  being  investigated  by  which 
the  molybdenum  is  first  removed  by  means  of  H.>S,  and  whii  h  will 
not  require  the  preliminary  precipitation  of  the  tungsten.  'Ihe 
method  so  far  promises  every  success. 
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EFFKCT   OF   IMPURITIES    IX    THE    ORE. 

In  an  analysis  of  the  King  Island  ore  the  chief  interfering  elements 
were  found  to  be  arsenic  (0.046  %)  and  molybdenum  (0.007  ^q). 
Phosphorus  is  at  present  being  investigated. 

The  incidence  of  molybdenum  both  in  the  gravimetric;  and  volu- 
jnetric  methods  has  already  been  discussed. 

The  presence  of  0.046  %  of  arsenic  requires  consideration,  although 
H.  \V.  Hutchin,  in  his  work  ])reviously  mentioned,  .states  : — "  For 
the  as.say  of  poorer  j)rodu(ts  with  more  pronounced  impurities  of 
arsenic  and  fluorspar,  cinchonine  is  invaluabk\  Arsenic  and 
j>hosphorus  cea.se  to  be  disturbing  factors." 

A  preliminary  calcination,  however,  should  eliminate  the  arsenic, 
but  further  work  requires  to  be  done  on  tliis  j)oint.  With  regard  to 
phosphorus,  in  the  cinchonine  methods,  whether  bv  acid  or  alkali 
-attack,  the  phos})horus  would  be  eliminated,  and  without  effect. 

There  is  a  tendency  on  the  part  of  cinchonine  to  carry  down  small 
amounts  of  the  Group  III.  bases,  resulting  from  an  incomplete  pre- 
•cij>itation  of  this  group. 

To  guard  against  this  liability  to  error,  it  is  necessary  to  fuse  the 
final  WO^  residue  with  si.x  times  its  weight  of  pure  NaoCOj}  in  a 
platinum  crucil)le,  dissolve  the  fusion  in  water,  filter  off  any  im- 
l)urities,  make  acid  with  HCl,  and  re-precipitate  the  WO3  with 
cinchonine,  ignite,  correct  for  SiOg  by  HoSOj  and  HF,  ignite,  and 
■vvcigli  until  constant. 

Su.MMAKV    AND    CONCLUSIONS. 

fc  The  weakne.ss  of  the  purely  acid  methods,  es])ecially  for  low-grade 
ores,  is  evident,  owing  to  the  incomj)lete  j)reci])itation  of  the  WOg 
below  a  certain  concentration. 

The  selection  of  a  suitable  method  is  governed  by  (a)  the  grade 
of  material  under  consideration,  and  (6)  the  amount  of  interfering 
elements  revealed  by  an  analvsis. 

Concordant  results  would  hardly  be  expected  hv  taking  less  than 
a  5-grm.  charge  for  nuiterial  under  0.5  *^*„  ^^03.  Cinchonine  has  been 
found  to  be  superior  to  mcrcurous  nitrate  as  a  jtrccipitant  for  WOg 
on  imj)ure  and  low-grade  ores.  The  beKt  conditions  for  the  pre- 
cipitation of  cinchonine  tungstate  are  from  solutions  of  low  a(iditv, 
a  bulk  of  about  150  cc,  .standing  several  hours,  preferably  overnight 

II 
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The  precipitate  must  bo  washed  with  a  weak  cinchonine  solution. 
Molybdenum  is  precipitated  under  these  conditions,  and  must  be 
separated  from  the  final  precipitate  of  WO^,  or  removed  prior  to 
precipitation. 

The  silica  should  always  be  removed  from  the  final  WO 3  by 
volatilization  with  one  or  two  drops  of  H^SO^  and  a  few  drops  of 
HF.  The  HF,  as  ordinarily  sold,  is  quite  unsuitable  for  this  purpose 
owing  to  the  impurities  it  contains.  Baker's  re-distilled  and  analysed 
product  is  suitable  and  available. 

The  final  WO  3  should  always  be  fused  with  Nag  CO  3,  the  impurities 
removed,  and  the  WO3  re-precipitated  with  cinchonine,  ignited,  and 
weighed  until  constant. 

A  number  of  methods  which  have  appeared  in  recent  years  have 
been  investigated,  but,  whilst  highly  suitable  for  the  purpose  for 
which  thev  were  designed — i.e.,  high-grade  ore  and  concentrate — 
could  not  be  successfully  applied  to  low-grade  residues  such  as  those 
of  King  Island.  The  only  safe  method  for  these  residues  is  the  alkali 
fusion  in  nickel  crucibles,  followed  by  cinchonine  precipitation, 
removal  of  molybdenum,  if  necessary,  from  the  final  WO3,  correction 
for  SiOg  by  hvdrofluoric  acid,  and  removal  of  iron,  alumina,  etc., 
from  the  WO  5  by  fusion  with  Nag  CO  3,  and  re-precipitation  with 
cinchonine.  This  method  is  embodied  in  the  paper.  Where 
accuracy  must  be  sacrificed  to  time,  then  a  soda  digestion  attack 
would  permit  of  a  larger  charge  (up  to  10  or  12  grm.),  followed  by 
cinchonine   precipitation   and   the   new   volumetric  method. 

By  this  means  a  considerable  amount  of  time  would  be  saved  and 
reasonable  accuracy  attained. 

In  conclusion,  the  author  is  indebted  to  Mr.  F.  Voss  Smith,  general 
manager,  Block  14  mine,  and  Mr.  L.  Venn  Brown,  manager.  King 
Island  scheelite  mine,  for  facilities  afforded  in  the  preparation  of  this 
pa})fT.  and  to  Messrs.  W.  Ho})})s  and  i^  B.  Oliver  for  able  assistance 
in  the  analytical  work. 
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VENTILATIXO    METALLIFEROFS    MIXES;  :    A    METHOD    OF 

ATTACK. 

Jiv  Thos.  G.  Hanton,  B.E.  (M.Miiber). 

(Read  he  fore  Broken  Hill  Braneh,  Iblh  May,   1920.) 

Therk  is  available  a  considerable  amount  of  literature  concerninfr 
the  practice,  ami.  to  a  smaller  extent,  the  theory  of  ventilation  as  it 
ai)j)lies  to  coal  mines.  Publications  considerin*;  the  subject  of 
ventilation  of  metal  mines  from  a  j)ractical  vic\vj)oint  are  much  less 
numerous,  whilst  the  treatment  of  the  theoretical  aspect  of  the 
question  (excej)t  in  so  far  as  is  common  to  coal  mining)  a})pears  to  have 
been  almost  neglected. 

This  may  be  due  to  one  of  two  causes — - 

{n)  That  in  many  metal  mines  (especially  those  which  have  not 
attained  a  great  de])th),  on  account  of   the  greater  number 
of  connections   with   the   surface,   as  comi)ared   with   coal 
mines,   natural   ventilation   has  sufficed. 
{h)  That   in   metal  mines  where  the  foregoing  is  not  the  case 
the  solution   of  the   ventilation   ])roblem    from   theoretical 
considerations   has    been    rejiarded   as   involving   so    manv 
complications  that  any  attempt   at   the  determination   of 
a    .set    of    concrete    ventilation    figures   applving    to     and 
throughout  the  mine  wouhl  be  futile. 
Whilst   it   is   freely   admitted   that    the   ditticulties   inherent    in   tlie 
aj)pliration  of  theory  to  the  ventilation  of  metal  mines  are  numerous, 
it  nm.st  also  be  admitted  that  few  attempts  have  been  made  to  over- 
come  them.     The   ultimate   aim,   of  course,   would   be   the   collection 
of  Ruffirient  data  to  enable  the  probable  behaviour  of  the  air-currents 
throughout  the  whole  of  the  workings  of  any  mine  to  be  accurately 
])redi(t(Ml    under   any    ])articular   set    of   circumstances.     Failing   the 
attainriMMit  of  this  goal  of  perfection,  it  would  at  least  appear  that 
nmch  valuable  information  might  be  obtained.     In  ventilation,  as  in 

(Tbiff  paper  is  separately  bound,  and   may  be,  if  so  desired,  detachel  complete   from 
this  nuinbvr. J  >■ 
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all  other  subjects,  it  seems  imperative  that  development  shall  be  along 
sound  theoretical  lines  if  any  marked  progress  is  ever  to  be  made. 

This  ])aper  jiresents  a  method  of  attack  which  has  been  commenced, 
and  is  still  in  progress,  at  the  mining  department  of  the  Zinc  Cor])ora- 
tion  Ltd.,  Broken  Hill,  X.S.W.  Nothing  in  the  nature  of  a  general 
comprehensive  account  of  mine  ventilation  is  attempted  in  the  paper, 
nor  is  any  consideration  given  to  artificial  means  of  ventilation,  these 
not  being  available  at  the  time.  No  results  can  yet  be  })ublished, 
as  the  work  undertaken  to  carry  out  the  improvements  suggested  by 
this  investigation  are  not  yet  complete. 

A  short  description  of  the  features  of  the  mine,  in  so  far  as  they  may 
affect  the  question  of  ventilation,  will  not  only  show  the  conditions 
under  which  the  investigations  were  conducted,  but  may  also  helj) 
to  explain  the  objects  of  their  various  phases. 

The  ore-body  at  the  Zinc  Corporation  is  continuous  over  its  length, 
following  along  a  main  eastern  wall  and  splitting  into  an  eastern 
and  western  ore-body  at  the  north  end  of  the  mine.  The  width  of 
ore  exploited  varies  from  6  ft.  to  a  maximum  of  over  100  ft.  The 
main  hauling  shaft  is  situated  in  the  foot-wall  country  in  a  position 
almost  central  to  the  length  of  the  ore-body.  Practically  all  the 
ore  is  broken  in  open  stopes.  The  stopes  are  served  by  a  system 
of  mullock-passes  extending  from  the  surface  throughout  the  vertical 
extent  of  the  underground  workings.  The  average  horizontal 
interval  between  these  is  130  ft.  in  the  southern  end  of  the  mine,  and 
\(y)  ft.  in  the  northern  end.  As  far  as  the  subject  of  this  pa])er  is 
ooncerned,  the  system  of  exjjloitation  underground  in  general  may 
be  regarded  as  that  neces.sary  and  desirable  for  an  ore-body  of  the 
above  size. 

The  main  air-supply  of  tin;  mine  is  drawn  through  a  \'erti(al.  close- 
timbered,  three-compartment  shaft  situated  at  the  southern  end  of 
the  workings.  Four  of  the  levels  from  the  main  shaft> — Nos.  d,  (5, 
7,  and  8-  -have  direct  connection  to  this  downcast  shaft,  the  other 
levels  have  only  indirect  connection.  The  u])cast  air  passes  through 
various  openings  in  the  extreme  northern  end  of  the  mine,  reaching 
the  surface  through  two  or  three  old  shafts  connected  to  the  higher 
levels.  Many  of  the  openings  have  been  constructed  solely  for  the 
puriK).se  of  air-ways,  and  the  extent  of  these  is  being  systematically 
inrrea.scd.     Under   working  conditions   the   flow   of   air   is   materially 
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•increased  artificially  by  means  of  a  fan  operating  at  the  to[)  of  one 
of  the  old  shafts  mentioned — No.  4  shaft — which  then  forms  the 
main  upcast  for  the  mine.  At  the  time  of  cessation  of  operations, 
due  to  the  strike  of  workmen,  the  fan  had  been  temporarily  removed 
to  an  adjacent  old  shaft — No.  3 — whilst  strippintj  o))erations  were  in 
progress  in  the  No.  4  shaft,  for  the  jjurpose  of  increasing  its  air- 
<',arrying  capacity.  The  material  broken  from  the  stri})ping  com- 
])letely  blocked  the  passage  of  air  in  this  shaft.  From  somewhat 
similar  causes  other  portions  of  the  upcast  were  also  impeded.  Thus 
the  investigations  were  carried  out  under  conditions  of  abnormally 
restricted  u])cast,  but  this  condition  is  not  considered  as  having 
adversely  affected  the  general  conclusions  arrived  at. 

ME.\SrREMKNT    OF    .\lR-('rRREXTS. 

For  the  measurement  of  air-currents  exceeding  100  ft.  ])er  min. 
anemometers  of  the  windmill  type  were  used.  Three  of  these 
instruments  were  emj)loyed,  two  of  which  were  exclusively  used 
underground,  and  the  third  kept  in  the  office  for  purposes  of  standard- 
ization. Before  any  measurements  were  taken  underground  a  series 
of  readings  was  obtained  with  the  three  instruments  running  to<fether. 
The  results  obtained  showed  that  for  velocities  of  less  than  100  ft. 
per  min.  all  three  were  unreliable.  For  air  velocities  ranging  from 
HX)  ft.  to  300  ft.  ])er  min.  a  correction  of  30  ft.  ])er  min.,  to  be  added 
to  the  observed  reading,  was  found  necessary  for  one  anemometer 
(a  Stanley),  whilst  for  those  exceeding  300  ft.  per  niin.  no  correction 
was  needed.  For  the  other  two  (one  a  Kew  standardized  and  the 
other  of  unknown  make)  a  correction  derived  from  tlie  Kew  correction 
.:raj)h  api)eared  suitable. 

For  readings  of  air  velocities  in  shafts  and  in  tlie  majority  of  winzes 
the  anemometers  were  used  attached  to  the  end  of  an  iron  rod  5  ft. 
in  length,  and  were  lowered  into  the  opening  the  full  extejit  of  the 
rod.  Five  seconds  were  allowed  for  withdrawing  the  rod  to  the  top 
and  clamping  the  instrument.  In  all  readings  the  ob.server  kept  clear 
and  did  not  obstruct  the  air-current.  The  period  over  whic  li  the 
reading  was  taken  was  in  almost  every  instance  I  minute.  Intervals 
of  2  and  3  minutes  were  tried,  but  the  velocities  obtained  in  every 
case  corresj)onded  so  closely  with  those  of  the  1  minute  readings  that 
the  latter  time  was  adopted  throughout.     As  all  readings  taken  were 
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comparative,  they  were  invariably  taken  at  corresponding  spots  in 
the  various  air-wavs  aiul  at  the  same  spot  in  each  particular  one. 
Moving  the  anemometer  over  the  air- way  whilst  the  reading  was  being 
taken  was  considered  very  likely  to  introduce  error,  due  to  eddy 
currents. 

For  the  measurement  of  air-currents  which  were  either  too  slow  to 
move  the  anemometer  or  to  ensure  a  reliable  reading  if  it  did  move 
the  following  method  was  employed  : — The  direction  of  the  current 
having  been  ascertained,  a  measured  distance  along  the  air-way  was 
set  out.  A  jDiece  of  fuse,  4  to  6  in.  in  length,  was  lit  at  the  inlet  end 
of  the  distance,  and  the  time  taken  by  the  powder  smoke  to  travel 
the  measured  distance  noted  bv  an  observer  at  the  other  end.  Thus 
the  velocity  of  the  air  was  obtained.  For  estimating  the  quantity 
in  cubic  feet  ])er  minute  the  average  cross-sectional  area  over  the 
measured  distance  was  used.  Thirty  feet  was  found  to  be  a  suitable 
average  distance  for  fuse  measurement.  For  extremelv  slow  motion 
15  ft.  was  used,  as  there  was  a  tendency  for  the  smoke  fumes  to  become 
dissi])ated  before  the  full  30  ft.  was  covered.  Time  was  noted  from 
the  instant  of  spitting  of  the  fuse.  By  slightly  splitting  the  fuse 
before  a])plving  the  light,  s|)itting  is  practically  instantaneous.  If 
spitting  is  slow,  a  certain  amount  of  smoke  arises  first  from  the  ta])e, 
which  may  be  somewhat  troublesome  for  correct  timing. 

This  method  was  used  in  default  of  any  ])etter  one  available,  no 
in.strument  api)arently  having  been  devised  for  the  purpose  of 
measuring  very  slowly  moving  air-currents.  In  all  instances  it  proved 
satisfactory  nmch  more  so  than  would  be  imagined  from  a  casual 
consideration  of  it. 

The  hygrometers  used  were  of  the  ordinary  type,  consisting  of  a 
wet  and  dry-bulb  thermometer  of  similar  construction,  mounted  side 
1)V  side  on  a  frame.  A  series  of  readings  was  first  mad(»  with  these  and 
the  engineering  office  thermometer  and  a  correction  determined, 
taking  the  latter  as  standard,  ap})lied  to  all  readings  taken.  The 
u.sual  method  of  taking  wet-bulb  tem{)eratures  was  found  to  be 
inaccurate  ;  so  in  actual  |)ractice,  before  the  reading  was  made,  the 
thermometers  were  swung  at  the  rate  of  15  ft.  p<'r  second,  the  observer 
standing  sideways  to  the  air-current.  This  (insures  a  minimum  wet- 
bulb  reading,  the  difference  between  this  and  a  stationary  reading 
dejiending  on  the  degree  of    saturation   of    the  air,  amounting  to  a 
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reduction  of  \^  in  some  instances  noted.  Wliirlinji  and  readinji  are 
repeated  several  times  to  ensure  that  the  lowest  reading  of  the  wet 
bull)   has   been   obtained. 

The  })ressure  of  air  was  measured  with  an  aneroid  barometer  with 
mercury  scale  only.  A  comparison  was  made  witli  the  engineerinfi 
office  mercury  barometer,  the  two  being  ])laced  side  by  side  and 
simultaneous  readings  of  each  taken  at  half-hour  intervals  over  a 
period  of  3J  days.  Thus  the  necessary  correction  to  be  applied  to 
the  aneroid  to  reduce  its  readings  to  equivalent  mercury  barometer 
readings  was  obtained.  Otherwise,  it  is  ajiparent  that  no  standard 
to  which  the  varving  atmospheric  conditions  could  have  been  referred 
would  have  been  available. 

Whilst  aneroid  readings  were  being  made  during  the  actual  ventila- 
tion work  the  mercury  barometer  was  read  each  half  hour.  All  the 
inercury-l)arometer  readings  were  corrected  to  inches  of  mercury  at 
32  F.  Thus,  a  correction  to  be  a])plied  to  the  aneroid  for  diurnal 
variation,  in  addition  to  the  constant  correction  above,  was  derived. 
For  any  comi)lete  section  of  the  test  aneroid  readings  were  reduced 
to  one  specific  surface  reading  in  accordance  with  the  above  data. 
The  comparative  surface  reading  taken  was  one  in  which  the  aneroid, 
with  the  constant  correction  a})plied,  corresponded  with  the  mercury 
barometer  corrected  to  32  F.  In  all  instances  the  aneroid,  before 
the  reading  was  made,  was  given  time  to  come  to  rest,  and  ta]»ped 
gently  when  ])laced  in  j)osition.  It  was  used  encased  in  a 
wooden  box  to  prevent  any  variations  due  to  the  heat  of  the 
body  or  excessive  vibration.  For  accuratt'  results,  especially  in 
this  work,  it  seems  essential  that  all  possible  |)recautions  should  be 
taken  to  ensure  that  proper  corrections  are  applied  to  the  barometer 
readings. 

A  water-gauge  of  the  usual  type,  consisting  of  an  open  r-sha|)ed 
glass  tube  ])artially  filled  with  water,  with  a  vertical  scale  attached 
between  the  legs,  was  also  employed  for  measuring  ventilating  pressure 
in  the  mine. 

Mkthoi)  of  .\tta(  k. 

The  general  scheme  consisted  of  tin'  measurements  of  air-currents 
and  temperatures  in  all  drives  arid  stopes,  and  the  determination  of 
the  ])reMsure  of  the  air  wherever  necessary  for  the  ealc\dation  of  the 
motive  columns  recpiired.      As  oiilv  two  anemonu'ters  were  availalde 
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for  luulergrouiul  iiso.  ami  only  two  hygrometers,  only  two  parties 
coiikl  he  employed:  thus,  it  was  not  possible  to  take  more  than  two 
sets  of  simultaneous  readings.  To  obtain  com])arative  results  differ- 
ences due  to  diurnal  variation  were  eliminated  as  far  as  possible  by 
the  organization  of  the  readings.  From  these  results  the  forces 
])roducing  air-currents  were  calculated  and  equated  with  the  measured 
air-currents  to  determine  coefficient  factors.  In  this  scheme  the 
mine  was  separated  into  districts,  each  level  being  taken  as  a  separate 
district. 

Motive  Column  or  the  Force  Producing  Air-Current. 

For  the  calculation  of  the  motive  column  of  air  in  mines  various 
methods  are  described  in  ventilation  works.  In  most  of  these  the 
moisture  contents  of  air  are  neglected.  In  "  The  Ventilation  of 
Mines,"  by  Johann  Sarvaas,  only  the  weight  of  dry  air  in  upcast  and 
dowcnast  is  taken  into  account.  Redmayne  gives  various  methods, 
all  of  which  assume  the  air  to  be  ])ure  and  dry.  One  formula  given 
by  him  is — 

M  =  D  -^"^^^ 
T  -h  459 

where  M  =  motive  column  (expressed  in  height  of  air  column,. 

D  =  depth  of  upcast  shaft. 

T  =  temperature  of  upcast. 

Ti=  temperature  of  downcast. 

In  this  fornmla,  in  addition  to  neglecting  the  weight  of  water 
vapour,  the  baronietric  pressures  are  also  ignored,  in  other  methods 
of  calculation  Kedmayne  does  not  state  definitely  the  pressures 
which  should  be  used.  Sarvaas  is  likewise  not  very  clear  upon  the 
same  point.  Others,  again,  ai)})ear  to  use  an  average  barometric 
pressure,  as  between  upcast  and  (lowiuast,  but  do  not  make  this 
very  ])lain. 

Considering  the  matter  trom  the  viewpoint  of  purely  ])liysical 
reasoning,  however,  it  woidd  jipjx'ar  that  the  only  way  to  calculate 
the  amount  of  motive  column  with  the  greatest  jmssible  accuracy  is 
from  the  actual  weights  of  air  in  the  ujxast  and  downcast  columns. 
The  differences  in  weight  per  cubic  foot  of  the  downcast  and  upcast 
air,  multiplied   by  the   iieight  of    the   upcast,  will  equal  tb^  motive 
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column.  The  actual  size  of  upca.st  or  downcast  opening  in  no  way 
affects  the  calculation  of  the  motive  column.  If  the  weights  of  air 
are  expressed  in  pounds,  and  the  dej)th  of  the  upcast  in  feet,  the 
resultant  motive  column  will  be  in  pounds  per  sq.  ft.  The  weight 
of  a  cubic  foot  of  moist  air  may  be  determined  as  follows  : — 

_  1.3258  (B  -b)      0.826  b 
~         459  +  t         ^  459  +  t 
where  W  =  weight  of  1  cub.  ft.  of  moist  air  in  pounds. 
B  =  barometer  reading  ;  inches  of  mercury, 
b  =  barometric    pressure     expressed    in    inches    of     mercury 
supported   by  the  vapour  of  saturation   (obtained  from 
tables  of  tension  of  aqueous  vapour). 
459  +  t  =  absolute   temperature    in    degrees    F.,    t    being   the 
dry-bulb  reading. 
The   figure  0.826  is  obtained   from   the   product  of   1.3258  x  0.623, 
0.623  being  the  density  of  water  vapour,  taking  air  as  unity.     The 
first  portion  of  the  equation  is  derived  thus  : — Considering  dry  air, 
if  the  volume  at  0°  F.  =  1,  then  the  volume  at  any  temi)erature,  t, 

the  pressure  remaining  constant,  is  1  +   —     .     The  weight  of  1  cub.  ft. 

of  dry  air  at  a  temperature  of  0"^  F.  and  a  pressure  of  1  in.  of  mercury  = 
.0028885  lb. 

«^'  ^    :  1  +-7L"  ^V  :  .0028885. 
4o9 

As  the   volume,   and   consequently   the   weight     also,   varies  directly 

according  to  })ressure,  when  this  variation  is  also  taken  into  account, 

the  formula  for  dry  air  becomes — 

„,       1.3258  X  B 

459  +  t 

1.325S  being  the  weight  of    450  cub.  ft.  of    air  at  0^   F.  and  1   in.  of 

mercury. 

For   j)ressures,   in   the   calculations  of   motive  columns,   the   mean 

value  of  the  corrected  aneroid  reading  on  the  surface  at  the  top  of 

the  upcast  or  downcast  and  the  corresponding  reading  at  the  bottom 

of  th«'   upcast  or  downcast   respectivelv   was   used.     In  some   of  the 

later  calculations,  for  greater  accuracy,  the  geometric  nu^an,  including 

the  various  intermediate  readings,  was  used. 
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The  teni])eratures  used  in  tiic  calculations  were,  in  all  casevS,  the 
jjeometric  mean  of  the  various  readings  throughout  either  upcast  or 
downcast,  the  mean  of  the  wet  and  of  the  dry-bulb  readings,  each, 
of  course,  being  determined.  The  va])0ur  pressure,  b,  for  this  mean 
wet-bulb  reading  was  employed. 

AVith  regard  to  temperatures,  it  was  found  that  the  tem})eratures 
in  the  downcast  shaft  near  the  surface  were  considerably 
lower  than  the  prevailing  surface  temperatures,  and  that  a  steady 
temperature  was  not  registered  until  a  depth  of  at  least  about 
10(3  ft.  had  been  reached.  A  series  of  temperature  readings 
were  taken  to  determine  the  jjoint  at  which  this  occurred. 
The  upcast  temperature  ai)pears  to  be  remarkably  constant, 
regardless  of  surface  conditioiLs,  and  the  upcast  air  is  in 
almost  everv  case  saturated  when  it  reaches  the  surface.  A 
series  of  readings  under  varving  surface  conditions  was  taken  to 
e.stablish  these  points.  It  seems  most  important  that  all  tempera- 
tures should  be  taken  actually  in  the  ])laces  to  which  they  refer 
—e.g.,  a  downcast  tem])erature  should  be  taken  in  the  downcast 
shaft,  and  not  in  the  adjoining  ])lat.  A  consideration  of  the  formula 
from  which  the  weight  of  air,  and  thus  the  motive  column,  are  derived 
will  show  the  necessity  for  the  determination  of  barometric  pressures 
as  accurately  as  possible. 

As,  on  some  levels  (fig.  1).  the  jjlat  sill  at  the  downcast  end  of  the 
level  is  not  quite  as  deep  as  the  upcast,  in  calculating  the  motive  column 
for  the.se  levels  the  difference  in  the  weight  of  the  air  was  multiplied 
by  a  figure  representing  the  de])th  of  the  downcast  shaft  below  the 
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level  of  the  top  of  the  upcast.  To  this  motive  column  was  added  IIm' 
figure  o}>tained  by  multij)lying  the  difference  in  the  weights  of  the 
air  along  its  passage  to  the  upcast  outlet  and  the  weight  at  the  u])cast 
outlet  by  the  extra  dej)th  of  the  upcast  shaft.  Conversely,  where 
the  bottom  of  the  uj)cast  shaft  was  shallower  (fig.  2),  the  amount 
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added  was  the  difference  between  the  weights  of  air  at  the  bottom 
of  the  downcast  and  along  the  passages  to  the  upcast  multiplied  by 
the  difference  in  level  of  the  bottom  of  the  shaft.  These  differences 
in  level  are  due  to  the  grading  of  drives  and  gang^vays  for  ease  in 
trucking. 

Peele's  handbook  expresses  the  equation  for  the  weight  of  moist  air 
in  slightly  different  terms  to  that  given  in  the  foregoing,  the  form  in 
which  it  is  set  out  in  Peele  being  : — 

^  =  45ff-t    X  (H- 0.378  pf) 

where  W  —  weight  in  lb.  per  cub.  ft. 

H  =  barometric  pressure  in  inches  of  mercury. 

f     =  pressure  of  saturated  aqueous  vapour,   corresponding   to 
temperature  t. 

p  =  percentage  of  saturation  of  the  air  divided  by  100. 
For  dry  air  })  =  zero.  This  formula  assumes  that  the  density  of 
aqueous  vapour  is  0.622  when  air  is  unity.  It  is  really  a  matter  of 
personal  preference  as  to  whether  this  or  the  tirst  formula  quoted  is 
used,  as  the  only  variation  is  in  the  form  in  which  they  are  expressed. 
It  must  be  borne  in  mind  that  the  motive  column  is  liable  to  variation 
with  every  change  of  temperature  and  surface  conditions,  being 
greater  in  the  cooler  ])ortions  of  the  day,  and  reaching  a  maximum 
in  the  winter  months.  An  average  value  at  the  time  of  the  test  for 
the  motive  column  acting  on  the  portion  of  the  jnine  then  oi)en  was 
about  2  lb.  per  sq.  ft.,  or  about  0.4  in.  water  gauge. 

Frictional  Resistance. 

The  coefficient  of  friction  has  been  defined  as  being  equal  to  the 
ventilating  })ressure  required  to  overcome  the  resistance  that  a  unit 
of  air,  moving  with  unit  velocity,  would  meet  with  in  circulating 
round  a  mine  of  unit-rul)bing  surface. 

Various  and  very  diverse  estimations  of  this  coefficient  of  friction 
K,  are  given  by  different  authorities.  The  figure  is  expressed  in  various 
terms— feet  of  air  colunm,  inches  of  water  gauge,  and  lb.  per  sq.  ft. 
It  is  important  to  note  also  whether  the  value  corresponds  to  a 
velocity  expressed  in  terms  of  feet  per  minute  or  thousands  of  feet 
per  minute. 
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The  following  are  various  values  for  K  in    11  >.   per  sq.  ft.,    and  all 
reduced  to  a  velocity  expressed  in  feet  per  minute  : — 


.0000000217  lb.  per  sq.  ft. 

.00000000-177 
.00000000228 


.000000003594 

.000000003686 

.000000005 

.000000009672 


Atkinson  . . 

Lupton,  Long  Wall  Coal  mine 
D.  K.  Clarke.  Railway  tunnels 
T.    L.    Ehven,    Straight    air-ways    of 
irregular  section  in  coal 
Timbered  shafts  and  brattices 
Various  Victorian  mines 
Devillez 

Murgue,  Unlined  galleries  .000000004524  to  .000000006396 
Arched  galleries  .00000000156  to  .000000003224 

Timbered  galleries  .000000007644  to  .000000012532 
Johann  Sarvaas,  in  an  example  which  he  vorks  out,  uses  for  shafts 
size  10  ft.  by  4  ft.  the  coefficient  .000000005,  and  for  levels,  crosscuts, 
and  winzes  .0000000217  (Atkinson's) — i.e.,  4.34  times  as  much  as  for 
shafts.  The  consensus  of  opinion  is  that  Atkinson's  coefficient  is  in 
most  cases  much  too  high,  but  some  authorities  recommend  its  use  on 
the  grounds  that  the  error  will  be  on  the  safe  side,  which  contention, 
thoujih  possibly  quite  sound,  is  not  very  convincing. 

The  value  of  K,  used  in  all  the  original  calculations  of  frictional 
resistance  of  air-ways  on  the  Zinc  Corporation,  and  still  adhered  to 
(except  in  the  case  of  shafts),  is  taken  from  the  following  table  supplied 
in  Peele's  handbook  : — 

Coefficients  of  Friction  in  Air-ways. 


R  = 

0.5 

1.0 

2.0 

3.0 

C  X   103 

Values  for  K 

X    108 

0.20 

.       0.213 

0.165 

0.127 

0.109 

0.40 

.       0.427 

0.329 

0.254 

0.219 

0.60 

0.640 

0.494 

0.381 

0.328 

0.80 

.       0.854 

0.658 

0.509 

0.437 

l.(X) 

1.067 

0.823 

0.636 

0.546 

1.20 

1.281 

0.987 

0.763 

0.656 

1  .10 

1.191 

1.152 

0.890 

0.765 

1.60 

1.707 

1.316 

1.017 

0.874 

1.80 

1.921 

1.481 

1.144 

0.983 

2.fX) 

.       2.131 

1.616 

1.272 

1  .092 

2.20 

^   ^ 

.       2.318 

1.810 

1.399 

1.202 

2.40 

^  ^ 

.       2.562 

1.975 

1.526 

1.311 

2.60 

•  • 

.       2.775 

2.140 

1.653 

1.421 
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The  effect  of  the  roughness  of  the  air-way  is  taken  into  account 
under  the  heading  C  x  lO'*.  The  effect  of  the  sectional  area  is  accounted 
for  under  the  columns  for  R,  the  mean  radius  of  air-way — 

Area 

K  =^  — — : 

ren  meter 
Peele  states  that,  for  stone  arched  headings,  C  x  10^  varies  from 
0.20  to  0.60. 

for  headings  with  bare  rock  walls,  C  x  10^  varies  from  0.60  to  1.60. 

for  timbered  headings,  C  x  10^  varies  from  1.00  to  2.60. 

Usual  average  for  a  whole  mine,  C  x  10^  varies  from  1.00  to  2.60. 
The  above  value  for  a  whole  mine  allows  for  normal  leakage  ])etween 
air-ways.  The  other  values  do  not.  The  above  values  are  based 
on  a  density  for  mine  air  of  0.0749  lb.  per  cub.  ft.  As  the  figures  in 
this  table  take  into  account  most  of  the  variations  affecting  the  friction 
in  air-ways,  their  use  seems  preferable,  in  the  absence  of  more  informa- 
tion determined  by  experiment  for  any  particular  mine,  to  any  of 
the  much  more  general  figures  given  elsewhere.  These  values  were 
used  without  any  density  correction  being  applied,  as  the  weight  of 
air  differed  so  little  from  that  for  which  the  table  was  compiled  that 
the  variation  in  the  value  of  K  on  this  account  was  negligible.  The 
pressure  ref^uired  to  overcome  the  frictional  resistance  in  any  given 
air-way  is  expressed  thus  : — 


P  = 


KsVg 


a 

where  p  =  pressure  in  lb.  per  sq.  ft,  to  overcome  friction. 
K  =  coefficient  of  friction. 
a  =  cross-sectional  area  of  air-way  in  sq.  ft, 
V  =  velocity  in  ft.  per  minute. 

8  =  rubbing  surface  (i,e.,  perimeter   x   length  of  air-way). 
Now,  if  Q  be  the  quantity  of  air  in  cub.  ft.  per  minute  passing  through 
the  air  wav. 

Q  =  aV 

or   \     -  —  and   \  -  —   - 
a  a- 

80  the  value  for  i»  in  the  above  equation  may  be  expressed  thus  : — 

KsQ-' 

^  =  -  a-^ 

In  any  j^ivon  air-course  the  values  of  K.  s,  and  a  are  constant.     These 

being  ascertained,  the  resistance  of  the  air- way,  p,  may  be  exj)re.s8ed 
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as  a  constant  multiplied  ])y  Q-.  For  a  comparison  of  the  f fictional 
resistances  of  air- ways,  the  above  form  of  expression  was  found  very 
convenient,  Q  being  the  only  variable.  The  length,  cross-sectional 
area,  and  j^erimeter  of  the  various  air-ways  throughout  the  mine 
were  determined.  From  these  dimensions  and  the  frictional  coefficient 
table  given  the  resistance  for  these  air- ways  in  terms  of  Q'-^  were 
calculated  and  tabulated.  The  following  set  of  figures  obtained  for 
a  series  of  stopes  above  one  level  are  supplied  as  an  illustration  : — 


Length. 

Perimeter. 

Cross-sectional 
Area. 

Resistance  in  terms  of  Q2. 

30 

64 

237.0 

.00000000000079    Q^ 

135 

54.2 

123.5 

.00000000002141     Q2 

135 

43.8 

100.9 

.00000000003647     Q- 

170 

34.8 

68.4 

.00000000011691     Q2 

110 

60.4 

145.2 

.00000000001300     Q2 

72 

128.4 

380.4 

.000000000000037     Q^ 

38 

211.2 

1007.0 

.000000000000917     Q^- 

53 

64.2 

142.0 

.000000000000418     Q^ 

36 

135.8 

399.1 

.000000000007533     Q^ 

79 

59.2 

161.3 

.000000000006096     Q^ 

or  a  total  for  the  above  series  of  stopes  of  .000000000203682  Q2. 

A  consideration  of  the  above  will  show,  inter  alia,  after  due  allowance 
has  been  made  for  variation  in  resistance  arising  from  differences  in 
length,  the  comparatively  great  resistance  of  those  portions  of  the 
stopes  of  smaller  sectional  area.  Consequently,  the  importance  of 
maintaining  as  large  an  open  sj^ace  as  possible  in  the  narrower  stopes 
seem.s  apparent  if  a  maximum  circulation  of  air  throughout  the  stopes 
is  to  be  secured-  that  is  to  say,  that  as  far  as  may  be  consistent  with 
safety  and  the  progress  of  exploitation  they  should  be  left  unfilled 
as  much  as  pos.sible,  and  that  there  should,  when  filled,  be  no  narrow 
necks  between  the  top  of  the  sand  filling  and  the  face  of  the  sto])e. 

The  resistance  of  the  timbered  drive  (average  size  taken  at  6  ft.  x 
7  ft.  6  in.)  extending  under  the  above  series  of  stopes  was 
.000rxXXX):50222  Q2.  A  comi)arison  of  this  with  the  total  resistance 
of  the  overlying  stopes,  .0r)rX)rXKX)020368  Q-,  that  of  the  drives  being 
about  15  times  as  great  as  the  stojH's  over  the  same  distance,  shows 
fairly  definitely  that,  viewed  solely  from  the  stan(lj)oint  of  relative 
difference  in  frictional  resistance  alone,  there  should  be  no  difliculty 
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in  inducing  the  greater  ])ortion  of  the  air  entering  any  h*vel  to  travel 
through  the  stopes  in  jjreferenee  to  tlie  drives.  Exactly  the  reverse, 
however,  happened  in  every  instance  observed.  In  the  case  of  the 
stopes  just  quoted  the  inlet  end  of  the  stojjes  was  onlv  the  height  of 
the  sill  timber  above  the  level  (a))])roxiniately  10  ft.),  so  the  question 
of  the  resistance  of  any  air-way  of  comparatively  small  size  conducting 
air  from  the  level  into  the  sto})e  was  eliminated.  Undoubte<lly.  in 
many  cases  this  is  one  of  the  factors  in  reducing  the  supply  of  air  into 
the  stopes,  as  the  results  of  experiments  carried  out  as  between  other 
levels  and  sto])es  went  to  show,  but,  as  the  sto])es  in  question  ir.ade 
aj)parent,   not   absolutely  the   controlling  one. 

An  ex]>lanation  of  the  preference  of  the  air  for  the  drives  rather 
than  for  the  stopes  was  sought  in  the  relative  differences  of 
motive  column  acting  on  the  drive  and  on  the  corresponding  stopes. 
Fn  every  instance,  however,  in  the  various  motive  columns  cal- 
culated, that,  acting  on  the  stopes  above  any  level,  taking  the 
whole  length  of  the  sto])es  from  downca.st  to  upcast,  was  slightly 
greater  than  the  motive  column  for  the  drive,  the  <lifFerence  varying 
from  .003  to  .CM*  lb.  ])er  sq.  ft. 

It  has  already  been  .stated  that  during  the  test  each  level  was 
treated  as  a  .separate  district,  but  it  may  be  again  mentioned  here  that, 
in  order  to  prevent  com])lications  owing  to  short  circuits,  and  also 
to  obtain  a  definite  comparison  between  various  parts  of  the  workings, 
each  level,  exce])t  for  an  inlet  at  the  one  end  and  outlet  o])ening  at  the 
other  end,  was  isolated  from  the  level  immediatelv  above  or  below  it, 
all  the  intermediate  connections  l)eing  covered. 

In  the  series  of  .sto|)es  examined  the  central  j)ortion  is  in  each  case 
higher  than  either  end.  In  the  stopes,  the  resistance  figures  of  which 
are  given,  the  crown  is  18  ft.  higher  than  the  inlet  end  and  .')(>  ft. 
higher  than  the  ujuast  end. 

Considering  now  the  portion  of  the  stopes  from  the  inlet  end  to  the 
<lome,  it  is  evident  that  a  certain  amount  of  pressure  over  and  al»ove 
that  necessarv  to  overcome  friction  alone  is  reijuired  to  rai.se  the  ( old 
and  heavv  downcast  air  to  the  highest  ])()int  of  the  stopes  :  also,  this 
becomes  heated  l>v  the  time  it  reaches  the  toji  of  the  stopes.  and  its 
natural  tendency  is  still  to  rise,  so  that  j)ressure  will  also  ])e  nece.-^.sary 
fr(»m  the  crown  of  tlie  stope  to  the  upcast  to  |)ush  the  hotter  air  on 
that  side  <lowidiiil  a«iain. 
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For  the  sto})es  in  question,  the  differences  in  the  average  weight  of 
the  air  from  the  inlet  to  the  crown  and  the  average  weight  from  the 
crown  to  the  upcast  was  0.000474  lb.  per  cub.  ft.  In  another  series 
of  stopes  the  ilifterence  in  weights  was  0.000905  lb.  per  cub.  ft.  U])on 
opening  two  mullock  passes  from  the  central  ])ortion  of  the  stope  at  its 
highest  points  to  the  level  above  the  inlet  air  travelled  up  the  stope  to 
the  neare.st  opening  and  upcasted,  whilst  upcast  air  travelled  along  the 
drive  uj)  into  the  stope  and  back  in  the  reverse  direction  up  the 
other  opening.  The  quantity  of  air  circulating  in  the  stope  showed 
a  marked  increase  as  soon  as  the  openings  were  available. 

This  seems  to  be  direct  evidence  in  favour  of  the  fact  that  the 
pressure  required  to  force  the  hotter  air  downhill  in  the  stope  is  one 
of  the  main  reasons  for  the  greater  flow  of  air  through  the  drives  than 
the  stopes.  It  is  hoped  that  the  results  of  further  investigations 
will  throw  more  light  on  this  matter.  With  a  fan  in  operation,  the 
water-gauge  in  the  mine  will  be  increased  considerably,  and  the 
difference  in  motive  column  of  stopes  and  the  corresponding  driven 
thereby  accentuated.  At  the  present  time  the  differences  are  so  small 
that  it  is  difficult  to  assign  any  definite  value  to  the  part  played  by 
motive  columns  in  this  connection.  The  effect  of  a  freer  upcast  upon 
the  air-current  through  the  stopes  still  remains  to  be  investigated 
when  the  necessary  work  for  the  construction  of  suitable  stope  upcasts 
has  been  comjjleted. 

In  attempting  to  equate  the  motive  colunm  with  the  total  resistance 
of  the  mine  for  the  quantities  of  air  in  circulation,  the  resistance  of 
the  downcast  shaft  as  obtained  from  the  table  of  coefficients  of  friction 
in  Peele  was  abnormally  large.  This  was  so  pronounced  that  the 
pressure  available  for  overcoming  friction  throughout  the  remaining 
portion  of  the  mine-circuit  ap])cared  not  nearly  sufficient  for  that 
purj>ose.  The  fact  that  it  was  difficult  to  obtain  an  a])proximation 
to  the  amount  of  u|)cast  resistance  added  a  further  comjjlication. 
From  a  consideration  of  the  question,  taking  various  motive  colunms 
corresponding  to  various  measured  (piantitles  of  air  entering  the 
downcast  shaft,  the  conclusion  was  reached  that  either  the  value  of 
K  assigned  to  eaeh  compart ment  of  the  shaft   wjis  too  great  or  that 

some  other  factor  was  involved.     The  fi<riire  first  used,  ' ,''  certainly 

appeared  excewsivc  in  view  of  the  faet   that,  the  shaft   is  vertical  and 
dose-timbered.     The    fifrure    used    l)v    Johunn    Sarvaas    for    shafts- 
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i.e.,  .(XKXXXXX).")  (which,  he  states,  was  the  result  of  a  few  isolated 
experiments  in  Victorian  mines) — was  then  tried,  but  did  not  reduce 
the  total  shaft-resistance  to  quite  within  the  required  limits. 

As  the  results  of  ex})eriments  on  various  closed  circuits  in  which 
the  downcast  resistance  did  not  enter,  it  appeared  that  the  values  of 
the  coefficients  of  friction  for  the  levels  and  stopes,  as  derived  from 
Peele,  could  reasonably  be  assumed  as  correct. 

A  tentative  value  of  K  for  this  downcast  shaft  was  then  determined 
thus  : — A  motive  column  was  calculated  from  the  actual  ])ressures 
and  temperatures  prevailing  at  a  given  time,  in  this  instance 
amounting  to  2.468  lb.  per  sq.  ft.  The  actual  observed  quantities 
of  air  circulating  through  the  shaft  and  the  levels  corresj)onding  to 
this  motive  column  were  known.  The  resistance  of  the  mine-circuit 
(exclusive  of  downcast  and  upcast)  was  calculated  for  these  measured 
(juantities  of  air.  using  Peele's  coefficients,  the  result  obtained  being 
0.601  lb.  ]jer  sq.  ft.  As  the  total  motive  column  for  the  mine  is  equal 
to  the  total  resistance  of  the  mine-circuit,  it  follows,  then,  that  the 
balance  of  the  motive  column  available  for  overcoming  the  resistance 
of  the  downcast  and  upcast  would  be  1.867  lb.  per  sq.  ft. — i.e., 
2.468  lb.  per  sq.  ft.  —  0.601  lb.  per  sq.  ft.  As  already  mentioned, 
(letinite  u])cast  resistance  figures  could  not  readily  be  ascertained  at 
the  time  of  the  test.  The  total  resistance  of  the  upcast  was  assumed 
apj)roximately  as  being  half  that  of  the  downcast,  on  account  of  the 
dissipation  of  air  throughout  the  mine  and  the  upcast  being  through 
several  openings.  By  equating  the  downcast  and  upcast  resistance 
to  the  1.867  lb.  ])er  scj.  ft.,  a  friction  coefficient  for  the  downcast  of 

in»    ^^'^  obtained.     It  is,  of  course,  apparent  that  the  above  value 

for  K  for  the  downcast,  on  account  of  the  assumptions  necessary  for 
the  upcast  resistance  at  the  present  time,  is  very  a])proximate. 
Tnder  altered  upcast  conditions,  and  also  with  a  fan  working,  it  is 
hojK'd  that  a  definite  figure  may  be  arrived  at  for  the  downcast.  It 
may  Ik*  noted  that  the  lowest  value  of  K,  given  in  Peele,  for  a  mean 
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radius  of  1,  ajiproximating  to  that  of  tiic  shaft  compartments,  is  — — ^ 

for  stone  arched  headings. 

.\s  the  resistance    of    the  (lowncast  is  a  controlling  factor  in   the 
quantity  of  air  which  will  enter  any  mine  through  it  at   any  given 
pressure,  it  seems  important  that   some  trouble  should   br  taken  in 
iHcertaining  the   resistance   figure  as  clo.selv  as   ))ossible. 
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At  the  time  of  tlie  test  tlie  lowest  level  (Xo.  8)  directly  connected 
to  the  downcast  shaft  was  ])artially  under  water,  and  hence  in- 
accessible. The  general  trend  and  th(»  quantities  of  air  circulating 
under  those  conditions  was  observed.  Then  all  openings  to  this 
level  were  covered  over,  isolating  it  as  completely  as  possil)le. 
Immediately  prior  to  the  covering  over,  air  on  two  of  the  higher  levels 
(Xos.  6  and  4)  was  short-circuiting  into  the  downcast  shaft.  As 
soon  as  the  covering  of  the  downcast  was  complete,  the  direction  of 
the  air-current  on  the  lower  of  these  two  levels  reversed,  air  enterin;Lr 
it  from  the  downcast.  On  uncovering  subsequently,  after  an  interval 
of  two  to  three  weeks,  downcast  air  still  entered  the  level,  and  still 
continues  to  do  so.  The  temperature  on  the  day  on  which  the  short- 
circuit  was  in  evidence  was  very  high,  and  the  motive  column  of  the 
mine  exceedingly  low— less  than  1  lb.  per  sq.  ft.  The  short-circuit 
was  a  distinctly  unusual  feature,  and  was  noted  only  on  the  one 
occasion. 

The  higher  short-circuit  on  Xo.  4  level,  which  was  also  observed 
for  the  first  time,  was  persistent  over  a  ])eriod,  and  still  exists  with 
natural  ventilation.  An  interesting  feature  arose,  at  a  later  period 
of  the  test,  concerning  the  short-circuiting  of  air  from  this  level  into 
the  downcast  shaft.  With  increased  motive  column  acting  on  the 
mine,  instead  of  the  short-circuiting  air  coming  from  the  upcast  end 
of  the  mine  and  back  into  the  downcast,  as  had  previously  been  the 
ca.se,  it  was  actually  surface  air  entering  through  the  mullock  j^asses 
open  to  the  surface  north  of  the  downcast  shaft,  and  travelling  along 
portion  of  the  level  into  the  shaft.  The  level  in  question  (Xo.  4)  is 
480  ft.  below  the  collar  of  the  downcast  shaft,  and  the  shaft  has  no 
air-outlet  between  it  and  the  surface.  The  vertical  distance  between 
the  remaining  levels  connected  from  the  downcast  to  the  main  shaft 
is  171  ft.,  148  ft.,  and  134  ft.  respectively.  The  following  a})f)ei)rs 
to  be  a  direct  exj)lanation  of  this  later  short-circuit. 

With  the  greater  motive  column  in  operation,  and  a  consequently 
greater  quantity  of  air  in  circulation  in  the  mine,  the  resistance  of  the 
downca.st  shaft  over  the  48()-ft.  length,  for  its  increased  quantity  of 
air,  became  so  great  that  surfac(;  air  entered  the  mullock  passes  untiJ 
the  resistance  of  the  quantity  in  circulation  through  each  of  them 
equalled  the  main  downcast  resiHtance  for  this  section  of  ISO  ft. 
The  resistance  of  the  succeeding  sections  of  the  downcast  shaft  being 
much  less,  on  account  of  their  shorter  length,  the  shaft  naturally 
would  take  a  greater  rpiantity  of  air  to  ninintain  a   |)ressiire  e(pial  to 
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that  of  the  first  section,  and  tlie  only  ])0.ssiblo  source  of  suj)plv  was 
from  the  level,   thus  creating  the  short-circuit. 

In  the  case  of  the  short-circuitinj;  extending  right  from  the  upcast 
end  of  the  mine,  on  account  of  the  lower  motive  column  and  con- 
sequent shortage  of  sup|)ly  through  the  mullock  passes,  the  increased 
air  necessary  to  equalize  the  resistance  throughout  the  shaft  was 
drawn  from  the  upcast  end.  The  obstructed  state  of  the  uj)cast 
would  also  be  a  factor  in  this  connection. 

Combined  with  this  question  of  short-circuiting  is  that  of  the 
motive  column  acting  on  each  level  of  the  mine  and  the  effect  of 
variations  in  the  maxinmm  motive  column.  On  days  of  low  motive 
column,  by  far  the  greater  proportion  of  the  total  incoming  air  went 
to  the  lowest  level.  As  the  total  motive  column  increased,  a  slightlv 
L'reater  quantity  of  air  was  taken  by  the  lower  level,  but  the  greatest 
part  of  the  additional  incoming  air  went  to  the  level  immediatelv 
abov^^,  with  a  small  increase  in  the  quantity  going  to  the  levels  still 
liigln^r  up.  This  di.stribution  of  air  would  appear  to  be  chiefly  a 
matter  depending  on  the  motive  column  acting  on  the  various  levels, 
combined  with  the  fact  that  the  frictional  Resistance  increases  a^  the 
cube  of  the  quantity  of  air  circulating.  Exj)eriments  in  this  direction 
at  some  future  date  are  pro])osed,  with  the  fan  in  operation,  thus 
largely  increasing  the  motive  column.  Tpon  the  results  ol)tained 
would  depend  the  regulation  by  means  of  doors  or 'similar  con- 
trivances of  the  quantities  neces.sary  for  each   level. 

Many  experiments  have  been  carried  out  using  temj)orarv  doors 
on  the  levels,  and  covering  over  the  mullock  passes,  with  a  view  to 
controlling  the  distril)ution  of  air  throughout  the  various  portions 
of  the  mine  and  j)reventing  local  short-circuits  through  the  mullock 
passes.  The  material  u.sed  for  these  temporarv  doors  and  coverings 
was  No.  I  house  canvas,  which  proved  to  be  both  convenient  and 
sufti«iently  effective.  The  results  obtained  from  these  temporarv 
arrangements  will  be  u.sed  in  devising  a  j)ermanent  svstem  for  this 
purpose.     The  details,   however,  are  of   no  general   intere.«it. 

riie  (juestion  of  diffusion  lias  not  ln-cn  mentioned.  It  is  difficult 
to  secure  any  figures  on  the  subject  for  the  conditions  which  obtain 
undergrf)und.  The  ventilation  of  workings  where  the  air-current  is 
weak  is  assisted  by  diffusion,  whilst  the  supply  of  fresh  air  to  those 
f)ortions  of  the  mine  outside  the  circuit  of  ventilating  current  is 
entirely   dependent    on    the    power   of     <iifTusion.       Tnder    the    latter 
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condition  it  has  been  stated  that  a  room  20  ft.  x  8  ft.  may  be  driven 
for  500  ft.,  and  a  room  10  ft.  x  8  ft.  for  250  ft.  The  matter  warrants 
investit^ation  in  connection  with  develo])ment  places  and  any  levels 
which  are  not  in  any  way  connected  with  the  downcast,  but  lias  not 
vet  been  carefully  considered,  the  chief  object  up  to  the  present 
having  been  that  of  bringing  the  ventilating  current  directly  in  contact 
with  the  various  working  places  throughout  the  mine.  For  these 
places,  however,  unaffected  to  any  great  extent  by  the  main  air- 
current,  subsidiary  artificial  ventilation  by  small  fans  or  other  similar 
means  will  probably  prove  more  satisfactory  than  any  diffusion 
method. 

With  regard  to  the  behaviour  of  the  main  shaft  during  these  opera- 
tions, ditficultv  often  arose  over  its  variability  while  the  test  was  in 
progress.  Under  ordinary  working  conditions  it  acts  as  a  downcast, 
but  under  the  conditions  of  the  test  it  acted  as  an  upcast  in  regard 
to  some  levels  and  a  downcast  in  regard  to  others,  and  was  not  con- 
sistent for  any  particular  level. 

From  the  readings  obtained  the  moisture  contents  of  the  air  at  various 
])oints  were  calculated  in  grains  per  cub.  ft.  In  obtaining  these 
results  the  variations  in  temperature  and  pressure  at  the  different 
places  were  taken  into  account,  so  that  the  moisture  content  was 
♦expressed  for  a  given  mass  throughout.  Graphs  were  prepared  showing 
the  moi.sture  »n  grains  per  cub.  ft.,  and  the  corresponding  lengths  of 
air-wav  between  the  .stations  at  which  the  readings  were  taken.  On 
the  same  graph  the  wet-bulb  and  dry-bulb  temperatures  were  also 
j)lotted  again.st  the  lengths  of  air-way.  These  gave  a  quick  and  clear 
<'onception  of  the  condition  of  the  air  at  any  })articular  point,  and 
al.so  a  good  general  idea  of  the  stages  through  which  the  comparatively 
Atv  downcast  air  attained  (omjjlete  saturation  by  the  time  the  upcast 
Avas  reached. 

An  excellent  discussion  of  the  question  of  moisture  in  underground 
^ir  i.s  given  in  the  Transactions  of  the  Institution  of  Mining 
Emjineers,  vol.  iviii.,  part  4. 

These  investigations,  as  already  mentioned,  were  undertaken  under 
conditions  of  ])urely  natural  ventilation.  This,  however,  was  an 
advantage  rather  than  otherwise,  as  it  was  j)ossible  to  obtain  a  series 
of  results  affected  only  by  natural  causes.  Regarding  the  practical 
value  of  the  work  carried  out,  some  indication  of  the  a|)))lication  of 
the  information  obtained  from  the  test  may  be  desirable.     Considering, 
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first,  the  downcast  shaft,  the  frictional-resistance  figures  showed  that 
the  area  was  insufficient  for  the  quantity  of  air  desired  to  be  put  in 
circulation,  unless  a  higher  water-gauge  were  maintained  than  appears 
desirable.  Accordingly,  the  punij)  and  ladder-way  compartment  of 
this  shaft  (whose  area  is  equal  to  the  combined  areas  of  the  other  two 
compartments)  is  to  be  completely  reconstructed,  the  solid  timber 
stages  being  replaced  by  iron  grids,  and  a  general  re-arrangement  of 
air  and  water  pipes  being  made.  Thus  the  full  benefit  of  the  area 
of  this  shaft  will  be  obtained  for  ventilating  purj)oses.  Further, 
even  with  these  adjustments,  it  is  probable  that  the  downcast  area 
will  be  insufficient,  and  arrangements  have  been  made  to  throw  into 
commis.sion  three  or  more  of  the  south  end  mullock  passes  to  sup})le- 
ment  the  supply  of  downcast  air.  The  flow  of  air  resulting  from  the 
installation  of  any  fan  running  at  a  given  water-gauge  must  of 
necessity  depend  on  the  area  of  the  pas.sages  through  which  the  air 
circulates,  hence  the  attention  to  the  downcast  air-ways,  as  these 
plav  an  important  part  in  regulating  the  (quantity  of  air  entering 
the  mine. 

Certain  sections  of  the  ujKast  were  too  small,  and  in  these  sections 
additional  openings  are  being  made.  In  cases  where  it  was  not 
desirable  to  excavate  larger  air-ways,  auxiliary  fans  of  suitable 
capacity  and  water-gauge  are  being  installed.  A  system  of  under- 
ground fans  will  also  be  in.stalled  to  meet  conditions  in  workings  which 
are  outside  the  main  ventilating  current. 

Considering  the  distribution  of  air  as  l)etween  the  levels  and  stopes, 
the  .system  of  stoping  will  be  modified  to  obtain  a  greater  circulation 
through  the  stopes,  so  that  the  natural  upward  course  of  the  heated 
air  may  be  preserved  as  far  as  j)ossible.  Larger  inlets  into  the 
stopes  will  also  })e  made.  The  regulation  of  the  quantity  of  air 
entering  the  various  levels  is  being  arranged  aciording  to  the  rcijuire- 
inonts  of  each  level. 

These  are  a  few  of  the  more  general  deductions  made  fnMii  the 
results  obtained  in  the  test.  There  are  numv  others,  but  matiy  of 
them  are  of  local  interest  only.  The  above  are  j)ut  forwartl  more  as 
an  indication  of  the  value  of  the  method  than  otherwise. 

Tlie  author  tru.sts  that  the  general  scheme  put  forward  will  be 
found  interesting  by  those  whom  this  question  affects,  although  they 
may  not  agree  with  his  ideas  on  the  subject. 
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DETERMINATION     OF     MINUTE     AMOUNTS     OF     LEAD     IN 
WATER,  WITH  NOTES  ON  CERTAIN  CAUSES  OF  ERROR. 

Bv  D.  AvKKV,  A.  J.  Hemingway,  V.  G.  Anderson  and  T.  A.  Read. 

In  the  detennination  of  very  small  amounts  of  lead,  the  usual 
analytical  methods  are  far  from  being  satisfactory.  Small  amounts 
of  lead  may  be  j)resent  in  the  reagents  employed,  and  it  is  customary 
to  run  a  blank  experiment  to  correct  the  error  arising  in  this  way. 
When  the  correction  is  of  small  magnitude  compared  with  the  amount 
of  lead  in  the  sample,  this  procedure  may  be  ado})ted  ;  but  when  very 
small  amounts  of  lead  are  being  determined  it  may  hai)})en  that  the 
lead  found  in  the  blank  is  as  much,  or  even  more,  than  the  lead 
actually  present  in  the  sample,  and  the  analysis  has  to  be  rejected. 
Moreover,  the  blank  experiment  cannot  check  errors  which  are  not 
rommon  to  the  blank  and  the  analysis  itself  -  e.fj.,  the  a])paratus 
used  in  the  parallel  experiments,  etc. 

It  seemed  to  be  desirable,  therefore,  to  make  an  investigation  of 
the  problem  to  ascertain,  as  far  as  possible,  the  nature  of  the  errors 
-arising  from  the  introduction  or  loss  of  lead  during  the  analysis,  and 
Ihiw  far  these  could  be  eliminated  or  corrected  for  ;  also,  to  determine 
th»*  limits  of  accuracy  of  the  improved  method  and  the  minimum 
amount   of  lead  that  could   be  reliably  estimated. 

In  the  investigation,  reliability  and  sensitiveness  were  regarded 
as  essential  features.  Speed  of  operation,  on  the  other  hand,  was 
considered  of  less  importance. 

The  amounts  of  lead  dealt  with  being  usually  less  than  1  mg., 
there  is  no  alternative  to  the  use  of  a  colorimetric  method.  The 
latter,  dej>ending  as  it  does  upon  the  develoj)ment  of  a  brown  colora- 
tion when  ainmonium  sulphide  is  added  to  a  very  dilute  solution  of 
a  lead  salt,  is  far  from  being  a  characteristic  test  for  lead.  Indetd, 
it  is  well  known  that  the  salts  of  most  of  the  commonlv  occurring 
metals  interf«'re  with  this  test.  Hence  it  is  of  vital  importance  that 
the  lead  should  be  i.solated  in  the  form  of  a  pure  compound  possessing 
ijuite  <Iefinite  an«l  characteristic  properties  befon*  the  colorimetric 
"estimation  i.s  proceeded  with. 

[Thin  papt-r  in   M»parately  buund,  and    may  be,  if  !>o  dibircd,  detached   complete  from 
(hi»  number.]  •# 
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The  problem  is  more  com  plicated  if  organic  matter  is  present,  since 
this  would  interfere  with  the  determination,  and  it  must  therefore 
be  eliminated  ;  hence  the  question  may  be  attacked  from  two  points 
of  view,  according  to  the  presence  or  absence  of  appreciable  amounts 
of  organic  matter. 

The  first  case  to  be  considered  is  that  in  which  organic  matter  is 
substantially  absent,  and  any  other  inorganic  substances,  if  present, 
are  not  in  large  amount — for  example,  drinking  waters. 

Outline  of  Method. 

Previous  experience  indicated  that  a  satisfactory  method  for  the 
determination  of  minute  traces  of  lead  in  water  should  include  the 
following  ste])s  : 

(1)  Filtration   of    the    samj)le   (the    sediment  being  set  aside   for 

separate   examination). 

(2)  Examination  of  filtrate — 

(a)  Evaporation  of  from  2  to  5  litres  of  the  filtered  water  to 

about  100  cc. 
(h)  Separation    of    lead    sulj)hide    by    means    of     sulphuretted 

hydrogen   in   dilute   hydrochloric  acid  solution, 
(c)  Conversion  of  lead  sulphide  to  lead  nitrate  and  subsequent 

separation  of  the  lead  as  lead  sulphate. 
(fJ)  rolnrimetric  determination  of  the  lead  after  dissolving  the 

lead  sulphate  in  a  solution  of  ammonium  acetate. 

(3)  Examination  of   the   sediment  by  treatment   with  hydrochloric 

acid  and  then  proceeding  as  in  the  case  of  water  (steps  h,  c, 
and  (I). 

Limit  of  Sensitiveness. 

It  was  considered  that  an  attempt  should  be  made  to  develop  thd 
nutxiinum  possible  sensitiveness  in  the  method.  At  the  outset  it  was 
found  that  in  the  known  al>sence  of  interfering  metals  as  little 
as  ().(X)5  (1/2(XJ)  mg.  of  lead  can  be  detected  colorimetrically. 
But  the  smallest  weight  of  lead  which  can  be  chemically  isolated  and 
rendered  visible  in  the  form  oi  lead  sulphate  was  found  to  he  about 
0.02  (1/50)  nig.  This  amount,  therefore,  jfrobubjy  represents  the 
least  amount  of  lead  which  can  be  manipulated  under  laboratory 
conditions.       8u|)|»osing    0.02     mg.     of     lead     were     isolated     from 
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2  litres  of  water,  it  would  represent  one  part  of  lead  in  100,000,^)00 
of  water,  or  0.01  nig.  per  litre.  These  preliminary  considera- 
tions indicate  that  it  should  be  possible  to  develop  a  method  ca})able 
of  detecting  down  to  0.01  mg.  of  lead  per  litre.  Such  a  method 
would  be  a  distinct  advance  on  current  practice.  Hitherto,  in  the 
examination  of  water  for  lead,  amounts  less  than  0.1  mg.  per  litre 
have  been  regarded  as  negligible. 

Special  Difficulties  Involved. 

Needless  to  say,  in  developing  a  method  on  these  lines  extreme 
precautions  must  be  taken  to  eliminate  sources  of  error  which  would 
be  quite  inappreciable  in  estimating  lead  in  ordinary  sam])les,  as, 
for  example,  ores.  The  greatest  care  must  be  exercised  to  ])revent 
the  introduction  of  lead  during  analysis  from  sources  other  than  the 
water  under  examination.  Then,  again,  loss  of  lead  must  be  guarded 
against.  In  an  ordinary  lead  determination  a  milligram  of  lead 
may,  without  serious  consequences,  be  lost  as  the  result  of  the 
solubility  of  lead  sulphate  in  the  preci})itating  solution,  but  in  many 
instances  a  milligram  would  represent  about  50  times  the  amount  of 
lead  in  the  actual  determination.  The  errors  due  to  gains  and  losses 
of  lead  will  be  considered  in  detail  under  the  following  headings  : — 

(1)  Investigation    of    errors   due    to    the    introduction    of    lead 

from  outside  sources. 

(2)  Investigation  of  errors  arising  from  the  method  of  analysis. 

1.  -Errors  Due  to  I.ntroduction  or  Lead  fro.m  Outside  Sources. 

Lead  compounds,  and  lead  itself,  are  in  such  general  use  in  modern 
life  that  almost  every  substance  coming  into  contact  with  the  water 
being  examined  has  to  be  rigorously  examined  for  lead.  Errors  arising 
from  the  possible  introduction  of  lead  may  be  considered  under  the 
following  sub-headings  : — 

(i.)  Samj)le  containers. 

(ii.)  Chemical  reagents. 

(iii.)  Apj)aratus. 

(iv.)  Atmospheric  dust, 
(i.)  Sample  Containers. — In   the   first   place,   special   care   must    be 
exercised  in  the  selection  of  the  sample  containers.     The  containers 
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in  tUe  preseiit  investigation  were  the  ordinary  .\-gallon  "  Wineliester  " 
bottles,  but  larger  bottles,  holding  about  |-gallon,  were  employed  in 
some  instances.  An  examination  was  considered  necessary,  as  some 
of  the  samples  were  stored  in  the  bottles  for  a  week  or  more  before 
being  tested  for  lead.  Some  of  the  Winchesters  were  tested  by 
treating  them  with  hot  hydrochloric  acid,  and  others,  again,  were 
tested  by  storing  in  them  for  a  week  or  more  a  quantity  of  lead-free 
di.stilled  water,  and  afterwards  examining  the  water  for  lead. 

Acid  Treatment.-  20  c^  of  lead-free  hydrochloric  acid  (sp.  gr.  1.18) 
■were  heated  to  boiling  and  poured  into  the  Winchester  and  rinsed 
around  the  inside  surface  of  the  bottle  several  times.  The  Win- 
chester was  then  set  aside  for  24  hours,  but  was  occasionally  shaken 
up.  The  acid  was  then  removed,  the  bottle  rinsed  with  pure  w^ater, 
the  acid  and  rinsings  evaporated,  and  the  lead  estimated  by  the 
method  described  in  detail  later. 

Water  Treatment.- -The  selected  Winchesters  w^ere  almost  tilled 
with  lead-free  distilled  water  and  set  aside  for  7  days,  but  were  shaken 
up  once  a  day.  The  water  was  then  evaporated  and  the  lead  deter- 
mined. Blank  experiments  on  reagents  and  apparatus  were  made 
concurrently  in  all  cases. 

The  results  obtained  were  as  follows  : — 

Table  I. 


Winchester. 

Milligrams  of 
Lea4. 

Treatment. 

Total  lead 
found. 

*  Lead  found  in 

Differencoe. 

No. 

Capacity. 

blank  experi- 
ment. 

Litrr*. 

1 

:3..o 

acid 

0.010 

0.010 

— 

2 

3.5 

11 

0.010 

0.010 

— 

3 

2.5 

11 

0.015 

0.010 

-1-0.005 

4 

2.5 

11 

0.020 

0.010 

+  0.010 

5 

2.5 

n 

0.015 

0.010 

-hO.005 

6 

2.5 

water 

0.0.33 

0.025 

+  0.010 

7 

3.5 

>» 

0.020 

0.030 

-0.010 

•A 

be  con«"i 


-tigfttion  prooRcdcd  it  was  lound  that  the  amount  of  load  in  the  blanks  couU 
1^  D-ducrd. 
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These  results  clearly  show  that  no  appreciable  amounts  of  lead 
were  taken  up  by  the  water  samples  from  the  collecting  bottles  used 
in  the  investigation,  the  total  amount  of  lead  found  bein^;  always  loss 
than  0.015  mg.  per  litre,  and  the  lead  actually  taken  up  from  the 
bottle  being  probably  very  much  less. 

(ii.)  The  Chemical  Beageyits. — It  is  well  known  that  some  chemical 
reagents  carry  traces  of  lead.  This  may  be  derived  in  certain  cases 
— e.g.,  sulphuric  acid — from  lead  ap])liances  used  in  their  manufacture, 
but  in  other  cases  the  lead  is  no  doubt  taken  uj)  from  bottles  made 
from  glass  containing  lead.  In  this  investigation  the  purest  possible 
"reagents  were  obtained,  and  these  were,  with  one  or  two  exceptions, 
again  purified  by  distillation  in  all-glass,  lead-free  apparatus.  Lead- 
free  glass  bottles  were  used  also  for  storing  the  reagents.  Com- 
paratively small  amounts  were  distilled  at  a  time,  so  that  the  period 
of  storage  was  usually  short.  80  successful  were  these  efforts  that 
numerous  '*  blank  "  experiments  made  from  time  to  time  on  reagents 
invariably  showed  no  trace  of  lead  when  examined  ])v  tlir  most 
delicate  test  available.  A  list  of  the  reagents  purified  by  re- 
distillation is  as  follows  : — 


Reagent. 


Amount  used  in 
each  analysis. 


Remarks. 


Concentration  about  GX 


1.  Water  ..       300-400  cc. 

2.  Hydrochloric  acid  |  2  cc. 

3.  Nitri<-  a(i<l  .  .      4  cc.  of   1   :   1       Distilled     from     large     glass 

retort. 

4.  Sulphuric  acid     .  .1  1  cc. 


5.   Ammonium       hy-l 
droxide  . .! 


1  cc. 


Distilled     from     small     glass 
retort. 

Distilled     from     large     glass 
retort. 


G.  Acetic  acid 

Used      in 

am- 

monium 

ace- 

tate 

B.P.  Glacial  acetic  a<id,  dis- 
tilh'd     from     large     glass 
retort. 

7.  Alcohol     .. 

about  20 

cc. 

Absolute  alcohol. 

■ 

.     .    . 
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The  other  reagents  used  were  : — 


Reagent. 

Amount  used  in 
each  analysis. 

Remarks. 

8. 

Hydrogen          sul- 

phide 

as  required 

Made  from  ferrous  sulphide 
and  washed  with  water. 

9. 

Potassium  cyanide 

1  cc.  of  a  10  % 
aqueous    solu- 

tion 

May  and  Baker's  pure. 

10 

.*Amnionium    ace- 

tate 

10  cc.  1   :  2 

Made  from  Nos.  5  and  6,  and 
diluted  with  twice  its  own 
volume  of  water. 

11 

.  Ammonium    sul- 

phide    . . 

0.3  cc. 

Made  from  Nos.  5  and  8. 

Difficulties  sometimes  occurred  in  respect  to  certain  batches  of 
re-di.stilled  anmionia.  On  neutralization  with  re-distilled  glacial 
acetic  acid  a  slight  yellow  colour  developed,  which  became  more 
intense  on  boiling.  This  colour  interfered  with  the  coloration  work, 
and  the  reagent  was  rejected.  The  ammonium  acetate  should  be 
quite  colourless,  and  should  remain  so  on  being  boiled  for  some  time. 
In  certain  cases  it  may  be  necessary  to  j)repare  pure  ammonium 
hydroxide  solutions  from  pure  ammonium  chloride  and  lime. 

No.  1  Standard  Lead  Acetate  Solution  (Stock),  1  cc.  =  0.0001  grm. 
lead.  Prepared  by  dissolving  0.1463  grm.  of  ])ure  lead  sulj)hate  in 
ammonium  acetate  solution  and  diluting  to   1   litre. 

Note. — This  solution  keeps  for  a  considerable  time. 

No.  2  Standard  Lead  Acetate  Solution  (Dilute),  1  cc.  =  0.00001  grm. 
lead.  Prepared  by  diluting  100  cc  of  No.  1  (stock)  solution  to 
KXXJ  cc.  with  y)ure  water. 

Note.-  Thi.s  solution  does  not  keep  well,  and  should  be  inado  uj) 
at  least  every  day  or  two. 

(iii.)  Apparatus.     The  water  and  reagents  come  into  contact  with 
the  following  apparatus  in  the  course  of  analysis  : — 
(a)   Porrelain   ware-  evaporating  basin. 

(6)  Glassware     flasks,  beakers,  funnels,  Nessler  glasses,  stirring 
rods.  

*  AmtuoniaiD  hydroxide  and  acetic  acid. 
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(c)   Filter  papers—  4  filter  ])a])ers  are  used  in  each  analysis. 

(a)  Porcelain  Ware.-  The  first  oj)eration  after  the  jjreliininary 
filtration  involves  the  evaporation  of  several  litres  of  water  nearly 
to  dryness.  This  means  that  the  water  at  the  })oiling-j)oint  is  in 
contact  with  the  evaporating  dish  for  from  4  to  6  hours.  Some  acid 
was  always  added  near  the  end  of  the  operation,  so  that  lead,  if  present 
in  the  glaze,  would  be  likely  to  dissolve.  The  eva])orating  l)asins 
used  were  of  hard,  non-])orous  chemical  jmrcelain  (S.C.P.  ware),  and 
were  glazed  on  the  inside  surface.  They  were  10  in.  in  diameter, 
and  held  about  2  litres. 

It  is  well  known  that  lead  compounds  do  not  enter  into  the  (oni- 
))Osition  of  chemical  porcelain,  but  zinc  oxide  is  sometimes  a  constituent 
of  the  glaze.  Such  zinc  oxide  would  almost  certainly  contain  traces 
of  lead  (perhaps  up  to  0.1  *^o)-  I"  ^^y  ^'^^^  the  amount  of  lead 
would  be  very  small,  and  would  be  present  as  a  highly  insoluble 
complex  silicate.  Before  use  the  basins  were  filled  with  water  and 
kept  at  the  boiling-point  for  several  days,  and  were  then  digested 
with  boiling  dilute  hydrochloric  acid  for  a  further  period. 

Tests  were  carried  out  with  the  basins  by  evaporating  in  them 
2.5  litres  of  lead-free  water  and  examining  the  evaporated  solution  for 
load  according  to  the  usual  method.     The  results  were  as  follows  : — 

Tahlk  II. 

Amount  of  lead  taken  uj)  during  the  evaporation  of  2.5  litres  of  water 

in  porcelain  basin. 

Description  of  Water.  i  Total  lead  found. 


Distilled  water. 
Melbourne  tap  water. 


0.025 
0.035 
0.015 


The  results  show  that  variable  but  small  amounts  of  lead  arc  taken 
up,  and  that  the  average  amount  does  not  exceed  Ool  ing.  per  litre 
of  water  evaporated. 

(/>)  Glassware.  Japanese  glassware  ("  non-alkali  "),  similar  in  cum- 
l»o.sition  and  properties  to  Jena  glass,  was  used  throughout,  except 
in  the  case  of  funnels  and  glass  rods.  This  glass  (ontains  up  to  10% 
of  zinc  oxide,  and  therefore  probably  contains  minute  traces  of  lead 
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also  ;  but  as  the  glass  is  highlv  resistant  to  the  solvent  action  of  water 
and  acids,  verv  little  lead  winild  be  dissolved  during  the  course  of 
an  experiment.  It  was  found  that  no  lead  was  taken  up  from  the 
funnels,  tubes,  and  glass  rods  (Bohemian  glass).  Large  glass  flasks 
(1.5  litres)  were  used  in  certain  cases  to  evaporate  the  water,  the 
flasks  being  fitted  with  deliverv  tubes  and  condensers.  The  results 
of  three  experiments  in  which  2.5  litres  of  lead-free  water  were 
evaporated  to  100  cc.  are  as  follows: — 

Table  III. 
Amount  of  lead  taken  up  during  the  evaporation  of  2.5  litres  of  water 


in    glass    flasks. 

Description  of  Water. 

Total  lead  found. 

Melbourne  taj)  water. 
Distilled  water. 

0.025 
0.015 
0.015 

1 


These  results  show  that  the  amount  of  lead  taken  up  during  the 
evaporation  of  2.5  litres  of  water  does  not  exceed  0.01  mg.  per 
litre. 

It  seemed  j>robable  that  some  lead  would  be  taken  up  'during  the 
evaporation  of  the  excess  nitric  acid  and  the  subsequent  eva))oration 
with  sulphuric  acid  before  separating  the  lead  as  sulphate.  A  series 
of  tests,  however,  showed  that  not  more  than  0.005  mg.  of  lead 
is  taken  up  during  this  rather  drastic  but  necessary  step  in  the  process.    ■ 

(c)  Filter  Papers.  --  The  filter  papers  used  throughout  were  J. 
Green's  "double  washed,"  No.  2.  One  12.5  cm.  paper,  one  11-cm.,  ■ 
and  two  IJ-cm.  paj)ers  were  used  for  each  determination.  It  was  ™ 
found  that  each  paper  contained  minute  amounts  of  lead  and  iron. 
The  presence  of  lead  in  the  papers  was  quite  unexpected,  and  may  be 
due  to  the  fact  that  one  of  the  acids  used  in  the  double-washing  process 
was  hydrofluoric  acid.  Washing  with  this  acid  would  no  doubt  be 
done  in  leaden  vessels. 

The  amounts  of  lead  and  iron  found  would  be  of  no  consequence 
in  an  ordinary  analysis,  and  even  in  the  j)resent  instance  the  error 
introduced  in  the  course  of  a  determination  by  the  combined  effects 
of    iron    and    lead   was   less   than   0.015  mg.    of   lead.     This   source 
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of  error  should  not,  however,  be  overlooked,  and  the  followinfi  treat- 
ment of  each  filter  paper  immediately  before  use  is  recommended  : — 
The  filter  paper,  after  being  folded  and  adjusted  to  the  funnel,  is 
subjected  to  two  successive  treatments  with  3  cc.  of  hot  dilute  (1:2) 
hydrochloric  acid,  the  latter  being  well  distributed  by  means  of  a 
pipette.  The  paper  is  then  washed  thoroughly  with  hot  water.  A 
hot  solution  of  ammonium  acetate  (1:2)  in  two  portions  of  5  cc. 
each  is  then  poured  over  the  paper,  which,  after  further  washing  with 
hot  water,  is  ready  for  use.  Papers  treated  in  this  way  were  lead  and 
iron-free. 

To  summarize,  it  may  be  said  that  if  proper  precautions  are 
observed  the  total  amount  of  lead  taken  up  from  the  apparatus 
during  the  course  of  an  experiment  need  not  exceed  0.01  mg.  per 
litre  of  water  operated  upon. 

(iv.)  Atmospheric  Dust. — In  localities  where  either  lead-mining  or 
metallurgical  operations  are  conducted,  the  possibility  of  serious 
contamination  by  atmospheric  dust  is  to  be  expected.  But  in  every 
city  lead  paints  are  commonly  employed,  and  it  is  well  known  that 
the  lead  pigment  is  set  free  in  the  form  of  a  fine  powder  when  the 
vehicle  perishes  on  exposure  to  atmospheric  influences.  Con- 
sequently, even  in  Melbourne,  where  this  investigation  was  conducted, 
there  was  a  possibility  of  contamination  by  lead-bearing  dust.  The 
latter  can  be  excluded  during  the  preliminary  filtration  of  the  water  ; 
but  while  evaporating  2.5  litres  of  water  in  a  10-in.  porcelain  basin 
a  considerable  area  is  exposed  to  the  air  of  the  laboratory  for  about 
4  hours.  Then,  again,  in  the  three  subsequent  filtrations  it  is  hardly 
possible  to  shield  the  filters  entirely.  Fortunately,  the  laboratory 
conditions  were  favorable  in  this  respect.  A  large  number  of  blank 
experiments  were  made  at  different  times,  and,  while  it  is  imi)ossible 
to  say  that  no  lead  at  all  came  from  the  atmosphere,  the  amount  was 
very  small,  and  quite  negligible  compared  with  other  sources  of  error. 

The  experiments  recorded  above,  in  which  the  water  was  evaporated 
in  flasks  fittM  with  delivery  tubes,  were  intended  to  test  this  point. 
Considering  the  difiiculties  involved  in  the  exact  determination  of 
very  small  quantities  of  lead,  it  cannot  be  said  definitely  that  less 
lead  was  found  when  flasks  were  used  than  in  the  case  of  open  basins. 
The  difference  might  easily  have  been  due  to  the  fact  that  in  one  case 
fjiass  Hasks  were  used,  and  in  the  other  poraiain  basins. 
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II. — Errors  Arising  from  the  ^Iethods  of  Analysis. 

This  section  may  be  subdivided  into  seven  sub-sections,  correspondin<]f 
respectively  to  the  six  steps  of  the  process  and  the  method  as  a  whole, 
as  follows  : — 

1.  Filtration  of  the  water  (separation  of  sediment). 

2.  Evaporation. 

3.  Separation  of  the  lead  and  second-group  metals  as  sulphides. 

4.  Separation  of  the  lead  as  sulphate. 

5.  Colorimetric  estimation  of  the  lead. 

6.  Treatment  of  the  sediment. 

7.  The  complete  method. 

Each  step  in  the  method  consists  of  a  number  of  operations,  all 
of  which  were  carefully  scrutinized,  and,  when  necessary,  carefully 
t€sted  by  experiment. 

(1)  Filtration  of  the  Water. — It  was  noticed  that,  although  many 
samples  aj)peared  to  be  perfectly  clear  when  first  collected,  ])ractirally 
all  of  them  exhibited  appreciable  amounts  of  sediment  after  standing 
in  glass  bottles  for  a  few  days.  The  question  of  the  distribution  of 
the  lead  between  the  clear  liquid  and  the  sediment  naturally  presented 
itself,  and  it  was  considered  desirable  from  several  points  of  view  to 
filter  all  samples  and  to  examine  the  filtrates  and  sediments  sejiarately. 

This  step  is  a  comparatively  simple  one,  so  that,  with  ordinary 
precautions,  there  is  hardly  a  possibility  of  error.  As  large  volumes 
of  water  were  to  be  filtered,  an  automatic  filtering  apparatus  was 
fitted  up  and  used  throughout  the  investigation.  This  a})pliance, 
which  works  on  the  "  bird-feed"  principle,  is  well  known.  The  chief 
advanta^'c  gained  by  the  use  of  this  apparatus  is  that  the  water  may  bo 
protected  from  dust  during  filtration.  A  saving  of  time  is  also  effected, 
as  the  filtration  may  be  carried  out  overnight  without  attention. 

The  filter  paper  used  should  preferably  have  been  treated  with  the 
dilute  hydrochloric  acid  and  ammonium  acetate  solution.  It  is 
neceasary  to  return  the  first  portion  of  water  which  passes  through 
the  filter  j)aper. 

(2)  Evaporation.  From  2.5  to  5  litres  of  the  filtered  water  were 
usually  evaporated  by  heating  in  a  iO-in.  porcelain  basin.  Wlieii 
only  KX)  cc.  remained,  2  cc.  of  6N  hydrochloric  acid  were  added,  and 
the  heating  was  continued  for  about  5  minutes. 
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This  step  of  the  process  is  also  relatively  sim})le,  and,  carried  out 
as  described  above,  there  is  no  loss  of  lead  during  evaporation.  If 
the  water  contains  calcium  carbonate  or  calcium  sul])hate,  care  must 
be  taken  that  complete  re-solution  takes  place  on  digestint;  after 
the  addition  of  hydrochloric  acid.  Should  the  water  be  alkaline,  it 
may  be  neces.sary  to  use  more  than  2  cc.  of  6X  hydrochloric  acid. 
In  this  case  hydrochloric  acid  should  be  added  until  the  solution 
possesses  a  faint  acid  reaction,  and  then  a  further  2  cc.  added. 

(3)  Separation  of  the  Lead  as  Lead  Sulphide.-  Before  j)roceedin<: 
further,  it  is  necessary  to  filter  the  acidified  solution  through  an 
ll*cm.  filter  paper  into  a  3rXl-cc.  Erlenmeyer  fiask,  the  filter  paper 
and  dish  being  washed  well  with  boiling  water.  After  cooling,  the 
total  volume  of  the  solution  is  made  up  to  250  cc.  with  distilled  water. 
Washed  hydrogen  sulphide  is  then  slowly  bubbled  through  the  cold 
solution  for  one  hour.  The  solution  is  then  set  aside  and  allowed  to 
stand  in  the  cold  overnight.  In  the  following  morning  it  is  filtered 
through  a  9-cm.  filter  paper,  the  flask  being  washed  out  three  times 
with  a  small  quantity  of  cold  water  (saturated  with  hydrogen  sul|)hide), 
and  the  filter  pai)er  three  times,  also  with  the  same  liquid.  The  use 
of  accelerated  filtration  is  inadvisable  in  this  work.  The  tlask  in 
which  the  precipitation  is  made  is  i)referably  fitted  with  a  rubber 
stopper  ])erforated  with  two  holes.  Through  one  of  these  a  straight 
glass  tube  pa.s.ses  nearly  to  the  bottom  of  the  flask,  the  end  of  the 
tube  being  drawn  out  into  a  fine  jet.  Through  the  other  hole  another 
glass  tube,  bent  at  a  right  angle,  is  ])assed,  one  end  going  through  the 
stopper  for  a  distance  of  about  half  an  inch.  By  the  use  of  this  device 
the  solution  is  prot(»cted  from  the  dust  or  accidental  contamination, 
with  the  further  advantage  that  precipitation  takes  place  under 
slight   pressure. 

In  this  step  of  the  process  a  very  serious  loss  of  h'ad  may  o(  <ur 
unless  the  conditions  set  out  above  are  rigidly  adhered  to.  In 
deciding  upon  the  conditions  under  which  the  pre(ipitati(»n  of  lead 
sulphide  should  be  made,  the  authors  were  in  the  first  instance  guided 
largely  by  the  work  of  Strell,  whose  valuable  work  on  the  ]>recijtitation 
of  lead  as  sulj)hidp  is  quoted  by  Ibbotson  and  Aitcheson  in  their  i)ook 
on    "  The    Analysis    of    Non-Ferrous    Alloys."      According    to    Strell, 

precij)itation  of  lead  is  complete  from        acid  solution  of  lead  chloride 

at  ordinary    room    temperatures.      But,    whereas   Strell   experimented 
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with  several  centijrrains  of  load  cliloride,  in  the  })resent  case  only  a 
few  one-hundredtlis  of  a  niilliiirani  were  involved.  Several  un- 
certainties, therefore,  remained  -  for  example,  the  solubility  of  lead 
sulphide  might  be  such  as  to  account  for  a  considerable  lo^s  of  lead  ; 
or,  again,  granting  that  lead  sulphide  is  completely  precipitated,  is  it 
|>ossible  to  collect  and  wash  very  minute  quantities  upon  a  filter  paper 
without  loss  ?  This  stage  of  the  process  was  tested  by  taking  known 
quantities  of  standard  lead-acetate  solution,  adding  2  cc.  of  6N 
hyrdochloric  acid,  and  diluting  to  25Q  cc.  with  water.  The  acidity 
of  this  solution  was  a})proximately  1  ^20N.  Blank  experiments  with 
water  and  acid  only  were  also  made.  These  solutions  were  then 
saturated  with  hydrogen  sulphide,  allowed  to  stand  (cold)  overnight, 
filtered,  and  washed  exactly  as  described  above.  The  filter  papers, 
after  filtration,  were  treated  with  2  cc.  of  hot  dilute  (1:1)  nitric 
acid,  which  was  run  out  from  a  pipette,  followed  by  another  2  cc.  of 
same  reagent.  The  solutions  were  caught  in  the  precipitating  flasks, 
and  were  neutralized  with  2.5  cc.  of  re-distilled  ammonia.  The  lead 
was  determined  colorimetrically. 
The  results  were  as  follows  : — 


Table.  IV. 


N 


The  separation  of  lead  in  "    hvdrochloric  acid  solution  by  means  of 

20    " 

sulphuretted  hydrogen. 
Conditions  : — 

Hydrochloric  acid  =  2  cc.  of  6N  acid. 

Total  volume  =  250  cc. 

Temperature  =  about  20'^  C. 


No. 


Lead  added 
(milligram). 


1  (blank  experiment) 
2 

4  (blank  oxj)eriment) 

5 

0 

7  (blank  oxi)erimcnt) 

8 


Lead  found 
(milligram). 


nil. 
0.005 
0.015 

nil. 
0.05 
0.10 

nil. 
0.20 
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When  the  above  solutions  were  saturated  with  hydropen  sulj)hide 
no  visible  darkening  occurred,  and  even  on  standing;  overniglit  no 
precipitate  except  what  appeared  to  be  a  trace  of  sulphur  could  be 
seen  ;  but  it  is  evident  that  practically  coni})lete  precipitation  occurs 
under  the  conditions  s])ecified.  A]j])arently,  also,  the  physical 
condition  of  the  ])recipitate  is  such  that  it  is  retained  u])on  the  filter 
paj)er,  and  can  be  washed   without  appreciable  loss. 

In  another  series  of  experiments  0.1  grin,  of  copper  sulphate  was 
added  to  each  test  before  precipitation  in  the  hope  that  the  relatively 
large  amount  of  copper  sulphide  formed  would  assist  in  collecting  the 
small  amount  of  lead  sulphide.  It  was  found,  however,  that  the 
copper  sulphide  did  not  settle  well  under  the  conditions  of  the 
experiment,  and,  in  view  of  the  satisfactory  results  obtained  in  the 
previous  series,  the  use  of  copper  sulphate  was  abandoned. 

(4)  Separation  of  Lead  as  Lead  Sulphate.-  The  previous  step  ensures 
the  separation  of  lead  from  all  metals  except  those  of  the  second  group. 
The  object  of  the  present  stej)  is  to  separate  the  lead  without  loss 
from  such  second-group  metals  as  may  be  ])resent.  The  difference 
in  solubility  of  lead  sulj)hate,  on  the  one  hand,  and  the  sulphates 
of  the  second-group  metals  on  the  other,  in  certain  mixtures  of  water, 
sulphuric  acid,  and  alcohol,  forms  the  basis  of  this  separation,  the 
j)roblem  being  to  find  the  conditions  under  which  lead  sulphate  will  be 
highly  insoluble  and  the  other  sulphates  readily  soluble. 

The  available  solubility  data  relating  to  lead  sulphate,  although 
conflicting,  was  made  use  of  as  far  as  ))ossible  in  the  preliminary 
experiments.  Finally,  a  mixture  containing  ap]»roximately  65 
volumes  of  water,  32  volumes  of  absolute  alcohol,  and  3  volumes 
(5  j)er  cent,  by  weight)  of  sul|)huric  acid,  was  used.  The  solubility 
of  lead  sulphate  in  this  solution  was  approximately  estimated  and 
found  to  be  sufficiently  low  for  the  ))urj)ose.  It  is  interesting  to 
compare  the  approximate  solubility  of  lead  sulphate  in  })ure  water, 
dilute  sulphuric  acid  (5  ",',  by  weight),  and  the  above  mixture 
resj)ectiv«'lv. 

Apj)r()ximate  Solubility  of  Lead  Sulj)hat«'  at  20°  C. 

Millij^'rams  per  l(K)  cc. 
Pure  water      .  .  .  .  .  .  .  .  4.5 

Water  containing  5  %  of  sulphuric  acid   .  .  . .  1   '* 

A    mixture   containing   water  TO",,,   alcohol   25",,,   sul- 

j)huri('  acid  5  "„  (by  weight)  ..         0.05 
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It  is  evident  that  the  use  of  alcohol  in  suitable  proportion  reduces 
the  solubility  of  lead  sulphate  very  considerably,  and  that  its  use  in 
the  present   work  was  imperative. 

The  precipitate  of  lead  sulphide,  and  other  sulphides  of  second-group 
metals,  if  present,  is  dissolved  by  dro])])ino;  2  cc.  of  hot  (1:1)  nitric 
acid  around  the  ])a])er  from  a  pipette,  followed  by  another  2  cc.  of 
the  same  reagent,  catching  the  solution  in  the  original  Erlennieyer 
flask.  Wash  the  filter  six  times  with  hot  distilled  water.  These 
operations  should  be  conducted  whether  a  precipitate  can  be  seen 
or  not.  for  quite  a  considerable  amount  of  lead  may  be  present  without 
being  visible.  AVarm  the  solution  in  the  flask  and  evaporate  to  about 
20  cc.  :  then  transfer  to  a  50-cc.  cylindrical  beaker  (non-alkali)  glass, 
washing  out  the  flask  three  times  with  warm  water.  Evaporate 
quietly  to  about  5  cc.  on  a  hot  plate,  then  add  1  cc.  of  sulphuric  acid, 
and  continue  the  evajioration  until  the  nitric  acid  has  been  eliminated, 
and  strong  white  fumes  a])pear.  Cool,  add  20  cc.  of  cold  distilled 
water  and  10  cc.  of  absolute  alcohol,  mix  well,  and  allow  to  stand 
overnight.  Filter  through  a  9-cm.  ])a])er,  washing  out  the  beaker 
with  a  solution  of  water,  alcohol,  and  sulphuric  acid,  of  the  same 
composition  as  the  original  solution,  then  wash  the  filter  paper  three 
tinif's  with  the  same  solution. 

This  stej)  of  the  ])rocess  was  tested  by  a  series  of  experiments,  in 
which  known  amounts  of  lead  were  added  to  4  cc.  of  1  :  1  nitric  acid 
in  a  50-cc.  beaker,  together  with  1  cc.  of  sulj)huric  acid.  The  solutions 
were  then  evaporated  until  the  appearance  of  copious  white  fumes 
indicated  that  the  nitric  acid  had  been  ex])ellc(l.  After  cooling,  20  cc. 
of  water  and  10  cc,  of  alcohol  were  added,  the  beaker  set  aside  over- 
night, and  the  lead  sul})hate  separated  exactly  as  described  above. 
The  lead  suljjhate  was  then  dissolved  in  ammonium  acetate  and 
determined  colorimetrically.  Two  blank  ex})eriments  were  run  side 
by  side  with  the  above. 

The  following  are  the  results  :■ — 

Table  V.  (a). 
Separation  of  Lead  as  Lead  Sulphate  from  a  Dilute  Solution  of 

Sulphuric  Acid  containing  Alcohol. 
Conditions  :- 

Total  volume  .  .  . .  .  .     .31   cc. 

Sulphuric  acid  . .  . ,  I   cc. 

Alcohol  10  cc. 

Water 20  cc. 

Temperature  (approximate)  ..  ..      20'  ('. 
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No. 

Lead  added 
(milligrams). 

Lead  foimd 
(milligrama). 

1  (blank  experiment) 

2  (blank  experiment) 
3 

4 
5 
6 

nil. 

nil. 
0.01 
0.02 
0.05 
0.10 

nil. 

nil. 

nil. 
0.005 
0.04 
0.09 

A  further  series  of  tests  was  afterwards  made,  in  which  the  lead  in 
the  alcoholic  filtrate  was  also  determined  colorimetricallv,  the  results 
being  as  follows  : — 

Table  V.  (6). 


Lead  added. 

Lead  Found. 

No. 

As  sulphate.        In  alcoholic 
^           ^          hltrat<?. 

7 

8 

9 
10 
11  (blank  experiment) 

0.05 
0.05 
0.10 
0.10 
nil. 

0.04 
0.04 
0.09 

0.09 
nil. 

0.01 
0.01 
0.015 
0.015 
nil. 

There  is  an  uncertainty  of  the  order  of  0.005  mg.  in  the  results 
obtained  by  the  colorimetric  method  even  under  the  most  favourable 
circumstances.  It  is  clear,  however,  that,  owing  to  the  solubility 
of  lead  sulphate,  there  is  a  definite  loss  of  about  0.01  mg.  of  lead  in 
the  filtrate  and  washings  at  this  stage  of  the  j)rocess. 

From  the  point  of  view  of  the  insolubility  of  lead  sulphate  the 
conditions  specified  were  now  considered  to  be  satisfactorv,  but 
there  yet  remained  the  question  of  the  solubility  of  the  sulphates  of 
the  other  second-group  metals.  Another  series  of  tests  was  con- 
ducted, in  which  about  1  mg.  of  mercury,  coj)per,  bismuth,  and 
tin  respectively  were  eva])orated  with  4  cc.  of  nitric  acid  and  1  cc. 
of  sulphuric  acid,  and  the  sulphates  treated  as  described  above. 

The  results  showed  that  mercury,  copper,  and  tin  in  small  (juantitics 
are  completely  separated  under  the  conditions  specified,  but  the  same 
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cannot  be  said  of  bismuth.  It  was  found  that,  owing  to  tiie  tendency 
c4  bismuth  to  form  a  basic  sulphate,  it  was  necessary  to  wash  six 
times  with  the  aciduhited  alcohol-water  solution  in  order  to  entirely 
eliminate  the  last  traces  of  bismuth.  When  the  presence  of  bismuth 
is   suspected   this  ])recaution   must  therefore  be  taken. 

(5)  Colorimetric  Estimation  of  Lead—  The  basis  of  the  colorimetric 
determination  of  lead  is  the  production  of  a  brown  coloration  when 
ammonium  sulphide  is  added  to  a  very  dilute  solution  of  a  lead  salt. 
The  intensity  of  the  coloration  produced  is  usually  compared  with 
that  produced  by  known  amounts  of  lead  under  the  same  conditions. 
It  is  of  the  utmost  importance  that  the  standard  should  be  made  up 
and  compared  under  exactly  the  same  conditions  as  the  assay.  Not 
only  should  the  two  solutions  contain  the  same  ions  in  exactly  the 
.same  ])roportions,  but  both  solutions  should  be  perfectly  colourless 
before  the  addition  of  ammonium  sulphide  if  reliable  results  are  to  be 
obtained.  All  reagents  used  must  be  tested  with  ammonium  sulphide 
under  the  conditions  of  the  test  and  yield  ])erfectly  colourless  solution 
when  compared  with  distilled  water  in  Nessler  glasses.  It  is  recom- 
mended that  this  step  of  the  process  should  be  conducted  as  follows  : — 

Dissolve  any  precipitate  of  lead  sulphate  (see  step  4)  by  dropping 
ij  cc.  of  hot  (1:2)  ammonium  acetate  solution  (from  a  pipette) 
around  the  filter  paper,  followed  by  anotlier  5  cc.  of  the  same  reagent, 
matching  the  solution  in  the  precipitating  beaker.  Wash  the  filter 
.six  times  with  hot  water.  When  cool,  the  solution  is  ready  for  the 
colorimetric  estimation  of  lead. 

Comparison  with  the  standard— the  so-called  "  Nesslerizing  " — is 
carried  out  in  the  following  manner  : — 

Transfer  the  assay  solution  to  a  50-cc.  Nessler  tube,  add  1  cc.  of 
10  per  cent.  ])otassium  cyanide  solution  and  1  cc  of  ammonium 
hydroxide,  mix  well,  and  make  up  to  the  50-cc.  mark.  Then  add 
0.3  cc.  (.six  drops)  of  freshly-})ro})ared  ammonium  sulphide  solution 
and  mix  again,  using  a  glass  j)lunger  for  the  pur})osc.  The  brown 
colour  (yellow  in  the  case  of  minute  amounts)  indicating  the  presence 
•of  lead  ift-compared  with  a  solution  made  uj)  as  follows  : — ^In  another 
Nessler  glass,  corresponding  exactly  in  ca])a(ity  and  dimensions  with 
the  first,  j)lace  10  cf.  of  (1  :  2)  ammonium  acetate,  1  cc.  of  10% 
jK>ta.ssium  cyanide,  1  cc.  of  ammonium  hydroxide,  and  about  30  cc. 
of  di.stilled  water,  mix  well,  and  add  0.3  cc.  of  ammonium  sulphide 
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isolutioii.  To  this  solution,  which  must  be  colourless,  add  standard 
lead-acetate  solution  (1  cc.  =  0.00001  grni.  Pb).  0.5  cc.  at  a  time, 
with  stirring  aft^r  each  addition  until  the  intensity  of  the  colour  in 
both  tubes  is  the  same.  A  simple  colorimeter  is  recommended  for 
making  the  comparison.  It  is  advisable  to  arrange  the  strength  of 
the  assay  solution  so  that  not  more  than  8  cc.  of  the  standard  solution 
is  required.  If  much  lead  sulphate  precipitate  was  noticed  after  the 
<iddition  of  alcohol,  the  solution  in  ammonium  acetate  should  l)e 
made  up  to  a  definite  volume  (say  100  cc),  and  an  aliquot  part  taken 
for  comparison,  so  that  not  more  than  8  cc.  will  be  required.  In 
this  ca.se  the  same  ))roportion  of  ammonium  acetate  must  be 
added  to  the  standard  as  is  contained  in  the  aliquot  part  of  the 
assay    solution. 

It  is  desirable  in  all  cases  to  regard  the  first  comparison  as  a  trial, 
and  to  make  up  another  standard  in  which  the  required  lead  acetate 
.solution  is  added  before  the  ammonium  sulphide,  and,  along  witli  the 
ammonium  acetate,  potassium  cyanide,"  ammonia,  and  water,  to 
make  a  total  of  50  cc.  The  solution  is  mixed  well,  and  0.3  cc.  of 
ammonium  sulphide  added,  and,  after  further  mixing,  compared 
with  the  assay.  Slight  additions  (not  more  than  1  cc.)  may  then  be 
made  to  either  assay  or  standard  in  order  to  match  them,  and  the 
necessary  corrections  made. 

The  above  conditions  were  worked  out  after  a  great  number  of 
tests  had  been  carried  out,  the  results  of  which  it  is  impo.ssible  to  give 
in  detail.  It  will  be  sufficient  to  note  that  errors  of  considerable 
magnitude  may  easily  occur  unless  great  care  is  observed.  it  is 
imp<jrtant  to  compare  only  amounts  up  to  0.08  mg,,  especially 
when  the  dilute  lead  .solution  is  added  after  the  ammonium  sulphide. 
The  following  test  will  show  the  magnitude  of  the  errors  involved 
when  working  under  the  specified  conditions.  Two  sots  of  solution 
were  made  up  with  known  amounts  of  lead  and  the  ncccssarv  reagents 
added.  The  first  one  was  regarded  as  the  standard,  the  second  as 
the  assay.     The  results  were  as  follows  : — 

No.  1  (loa<l  taken).  No.  2  (lead  found). 

Mg.  Mg. 

0.01  0.()05 

0.05  0.055 

0.08  0.085 
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This  indicates  that  when  the  solutions  to  be  compared  are  made 
up  even  under  the  same  conditions  the  results  agree  only  to  0.005 
mg.  between  the  limits  0.01  and  0.08  mg.  lead.  These  results 
were  amply  contirmed  by  other  experiments.  Under  the  conditions 
given  the  discrepancy  does  not  exceed  0.005,  and,  of  course,  sometimes 
the  results  agree  absolutely. 

It  was  important  to  find  out  the  effect  of  time  upon  the  intensity 
of  coloration  produced.  A  series  of  standards  was  made  up  and 
compared  with  another  series  prepared  exactly  as  before,  but  15 
minutes  later.     The  results  were  as  follows  : — 

Lead  taken  Lead  found 

(Zero  time).  (15  mins.  later). 

Mg.  Mg. 

0.01  0.01 

0.05  0.05 

0.08  0.08 

Still  another  series  was  prepared  after  the  original  set  had  stood 
for  30  minutes.     The  results  were  : — 

Lead  taken  Lead  found 

(Zero  time).  (30  mins.  later). 

Mg.  Mg. 

0.01        0.015 

0.05        0.050 

0.08        0.085 

The  above  results  show  that  the  colour  develops  to  a  maximum 
almost  immediately,  and  remains  unchanged  for  at  least  30  minutes  ; 
but  the  results  are  subject  to  a  possible  error  of  nearly  10  %  of  the 
amount  of  lead  in  the  most  favourable  cases,  and  this  error  may  rise 
to  about  50  %  present  in  the  case  of  very  small  quantities. 

It  may  be  noted  that,  as  the  comparisons  are  conducted  in  alkaline 
.sulphide  solutions,  traces  of  arsenic,  antimony,  and  tin  compounds 
do  not  interfere  with  the  results,  even  if  not  completely  separated 
earlier.  Traces  of  copper  do  not  interfere  in  the  presence  of  potassium 
cyanide. 

(6)  Treatment  of  the  Sediment. — The  residue  from  the  first  filtration 
of  the  water  is  treated  on  the  filter  with  liot  hydrochloric  acid  by 
running  the  acid  from  a  pipette  around  the  i)aper.  A  second  treat- 
ment with  the  same  reagent  is  given,  the  filtrate  being  in  each  case 
allowed   to   run   into   the   bottle   which   contained  the  original   water 
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sample.  The  paper  is  then  washed  six  times  with  boiling  water. 
The  solution  is  washed  around  the  inside  of  the  Lottie  several  times 
and  then  transferred  to  a  300-cc.  beaker  of  ''  non-alkali  "  glass,  the 
bottle  being  washed  three  times  with  hot  water.  The  solution  is 
evaporated  just  to  dryness,  and  2  cc.  of  hydrochloric  acid  and  10  cc. 
of  water  added.  This  solution  is  heated  and  filtered  through  a 
9-cm.  filter  paper  into  a  300-cc.  Erlenmeyer  flask,  cooled,  made  up 
to  250  cc.  with  water.  The  solution  is  now  ready  for  precipitation 
of  the  lead  as  sulphide,  and  the  subsequent  analysis  is  conducted 
exactly  as  described  in  the  case  of  water  (sub-sections  3,  4.  and  5 
above). 

A  number  of  blank  experiments  indicated  that  0.02  mg.  of  lead 
was  taken  up  in  the  course  of  this  determination,  but  that  otherwise 
no  serious  error  was  involved. 

The  examination  of  a  number  of  samples  of  water  has  shown  the 
importance  of  examining  the  sediment  in  this  way  ;  a  large  proportion 
of  the  lead  present  is  usually  found  in  the  sediment. 

(7)  Testinq  of  the  Complete  Method.— The  various  steps  having  been 
investigated,  it  now  remained  to  test  the  method  as  a  whole.  A 
number  of  blank  ex])eriments  on  various  amounts  of  lead-free  distilled 
water  was  made  in  the  first  place.  As  expected,  a  very  small  amount 
of  lead  was  found  in  every  case,  the  sum  of  the  gains  exceeding  the 
combined  negative  errors.  The  actual  results  obtained  were  as 
follows  : — 

Table  VI. 

Blank  Experiments  on  Complete  Method,   I'sing  Lead-free  Distilled 
Water,  S.C.P.  Porcelain  Dishes. 


1 

-.^                             Distilled  water  taken 
^^^-                                       (litres). 

Lead  found. 

1 
2 

3 
1 
5 

2.5 
2.5 
3.5 
5.0 
2.5 

0.015 
0.025 
0.030 
0.030 
0.035 

The  blank  correction  varies  from    0.015    to  0.035  mg.,  with    an 
average  of  approximately  0.025  mg.      This  represents  approximately 
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o!ie  part  of  lead  in  100,0(X),0(X)  parts  of  water  taken.  In  another 
series  of  experiments  2.5  litres  of  lead-free  water  were  evaporated 
after  the  addition  of  various  amounts  of  lead.  The  series  was  carried 
through  as  described  above,  with  the  following  results  : — 

Table  VIL 


Xo. 

Distilled 

water 

(litres). 

i 

Lead  added        Total  lead     ■    Lead  from 
(mgni.)         found  ( mgm. )  1        blank. 

i 

Net  lead 
found. 

1 
2 

3 

4 

2.5 
2.5 

2.5 
2.5 

0.025       '      0.050            0.035 
0.050             0.080      :      0.025 
0.100             0.125             0.025 
0.200             0.200            0.025 

0.015 
0.055 
0.100 
0.175 

If,  therefore,  a  sample  should  contain  about  O.Ol  mg.  per  litre, 
and  2.5  litres  be  taken  for  analysis,  the  total  lead  found  would  be 
about  0.05  mg.,  of  which  about  0.025  would  be  deducted  for  the 
blank.  In  such  a  case  the  experiment  should  be  repeated  on  not  less 
than  5  litres  of  sample,  when  the  total  amount  of  lead  found  would 
be  0.08  mg.,  of  which  about  0.03  would  represent  the  blank  correction. 
It  is  possible,  therefore,  to  detect  and  estimate  lead  even  when  present 
to  the  extent  of  only  one  part  in  100,000,000. 

Organic  Matter  Present. 
The  next  case  to  be  considered  is  that  in  which  organic  substances 
are  pre.sent  in  appreciable  amounts.  Special  treatment  will  probably 
be  required  for  the  different  types  of  substances  to  be  examined,  but 
the  general  method  of  ])rocedure  should  be  broadly  applicable  to 
most  cases.  The  investigation  was  confined  to  the  method  of  deter- 
mining lead  in  urine.  The  chief  difficulties  which  presented  them- 
selves were  connected  with  the  complete  destruction  of  the  organic 
matter.  In  almost  all  other  respects  the  problem  is  similar  to  the 
determination  of  lead  in  water. 

Methods  of  Analysis. — Various  methods  for  eliminating  organic 
matter  were  tried  out,  including  the  following: 

(a)  Evajjoration    and    treatment    with    hydrochloric    acid    and 

pota.ssium   chlorate   (Kresenius   and   Babo's   method). 
{h)  Electrolytic  oxidation  methods, 
(c)  Evaporation  and  treatment  with   concentrated  nitric  acid. 
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Treatment  with  concentrated  nitric  acid  was  found  to  be  more 
satisfactory  than  the  others,  possessing  the  following  advantages  : — 

1.  The  destruction  of  the  organic  matter  is  complete. 

2.  The  process  of  oxidation  is  rai)id. 

.3.  A   moderate  amount    of    only  one   reagent   (nitric  acid)   is 
required. 

4.  The    reagent    can    be    purified    immediately    before    use    by 

simple  re-distillation. 

5.  The  excess  of    the  reagent  and  its    salts  may  be  entirely 

eliminated  by  evaporation  and  gentle  ignition  (at  500'  C.) 
G.  The  destruction  of  the  organic  matter  can  be  effected 
without   appreciable   loss   of   lead. 

Outline  of  Method. — One  litre  of  urine  is  evaporated  nearly  to 
dryness  with  about  8  %  of  its  weight  of  concentrated  nitric  acid. 
The  mixture  is  then  gradually  heated  to  about  500^  C.  in  a  muffle, 
to  drive  off  the  excess  of  nitric  acid,  to  oxidize  the  organic  matter, 
;ind  tirially  to  decompose  nitrates. 

The  white  residue  is  dissolved  in  dilute  hydrochloric  acid,  the 
amount  of  free  acid  being  finally  adjusted  to  exactly  2  cc.  in  excess, 
and  the  total  volume  to  250  cc.  The  lead  and  second-group  metals 
are  then  separated  as  sulphides.  The  lead  sulphide  is  filtered  and 
dissolved  in  nitric  acid  ;  the  lead  is  separated  as  lead  sulphate,  the 
latter  being  then  dis.solved  in  ammonium  acetate  and  determined 
colorimetrically. 

In  order  to  test  the  method  of  analysis,  a  series  of  experiments 
was  mad«»  upon  a  bulk  sample  of  urine.  Known  amounts  of  lead  were 
added  to  1  litre  portions  of  the  sample,  and  the  lead  estimated  by 
the  above  method.  It  was  found  to  be  difficult  to  obtain  perfectly 
h'ad-free  samples  even  in  Melbourne.  The  bulk  sample  used  con- 
tained only  a  minute  amount  of  lead,  which  has  been  corrected  for 
in  the  following  results  : — 


Experiment  No. 

Lead  added  (nig.) 

Lead  found. 

Percentage 
recovery. 

1 
2 

3 

O.lO                                O.OIMJ 

0.20            1            0.185 
0.30            '            0.285 

90 

92.5 

95 
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The  electrolytic  method  was  also  investigated  and  moditied  in 
some  respects.  Good  results  can  be  obtained  with  the  improved 
method,  Init  there  is  still  some  uncertainty  with  regard  to  the  com- 
pleteness of  deposition  of  lead  on  the  electrodes,  and  also  the  complete 
removal  of  the  lead  after  deposition.  This  appears  to  be  connected 
with  the  presence  of  suspended  fatty  matter,  especially  in  patho- 
logical urine  after  evaporation.  Organic  matter  is  carried  down 
with  the  lead  deposited  on  the  cathode,  and  renders  the  solution  of 
the  lead  in  nitric  acid  difficult.  If  the  cathode  is  heated  strongly  to 
destroy  the  organic  matter  before  the  lead  is  completely  removed, 
the  latter  alloys  with  the  platinum  and  contaminates  subsequent 
samples. 

The  investigation  of  the  electrolytic  method  indicated  that,  as 
improved,  it  gave  more  satisfactory  results,  and  it  could  no  doubt 
be  still  further  improved,  but  as  the  chemical  method  was  found  to 
be  more  satisfactory  and  more  reliable  no  attempt  was  made  to 
further  develop  the  electrolytic  method. 

Summary. 
A  method  of  determining  minute  amounts  of  lead  in  water  and  in 
urine  has  been  investigated,  and  an  analytical  method  for  each  has 
been  developed  in  detail.  The  causes  of  error  in  the  course  of  the 
analysis  have  been  examined,  and  either  eliminated  or  reduced  to  small 
known  magnitude.  The  sensitiveness  and  reliability  of  the  deter- 
mination of  load  have  been  considerably  increased. 
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APPENDIX. 
Determination  of  Minute  Amounts  of  Lead. 
General. 
The  determination  demands  the  greatest  care  througlnnit,  and  (ails 
for  analytical  training  and  manipulative  skill  of  a  high  order.     Kach 
part  of    the  apparatus    must  be    tested,  and  only  used    if    the  total 
amount  of    lead  introduced  is  of  a   verv  small  order  of  magnitude. 
The  containers  should,  whenever  i)ossil)le,  he  tested  before  collecting 
samples.     If  this  cannot  be  done  the  container  should  be  examined 
after  transferring  the  sample  into  a  lead-free  bottle,  and  if  the  examina- 
tion shows  that  lead  may  have  been  introduced  into  the  sample  from 
the  container  the  sample  should  be  rejected. 

All  filter  papers  must  be  tested  and  treated  until  lead-free  before 
use  in  the  analysis. 

Reagents. 

All  reagents  should  be  free  from  lead.  AVherever  i)ossibl('  thev 
should  be  re-distilled  before  use,  using  lead-free  glass  for  re-distilling 
and  storing. 

Reaqents  Required  : — 
Distilled  water. 
He-distilled  nitric  acid. 
Re-distilled  hydrochloric  acid,  about  6N. 
Re-distilled  sulphuric  acid.     This  is  })repared  by  distilling  pure 

sulphuric  acid  in  a  small  resistance  glass  retort. 
Re-distilled  acetic  acid. 
Rc-distilled  ammonia.     (Note.     Tin;  ammonia   should   yield   a 

perfectly   colourless   solution    when   neutralized    with   pure 

acetic  acid  and  boiled.) 
Ammonium   acetate   solution    (1   :  2).-    This   was    j)rej)ared    by 

neutralizing      re-distilled     acetic      acid     with      re-distilled 

ammonia,   and   diluting   the    mixture    with    twice   its   own 

volume  of   pure   water.     This  should    be   (juitc   coioiirlcss, 

and  remain  so  on  boiling  for  some  time. 
Hy<lrogen    sulphide.      Made    by    the    action    of    (1    :    1)    hydro- 

<hloric    acid    u]>on    ferrous    sulphide.     The    gas    is    pa.ssed 

through  two  wash  bottles  contaiiiinL'  water  after  it  leaves 

the  generator. 
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Aninioniiini  sulphide.-  -This  is  prepared  by  saturating  re- 
distilled aiuinonia  with  hydrogen  sulphide.  This  solution 
should  be  quite  colourless,  and  must  he  made  up  im- 
mediately before  use. 

T\e-distilled  absolute  alcohol. 

Potassium  cyanide  solution.  -A  10  %  aqueous  solution  of  pure 
potassium  cyanide  is  required.  It  must  be  free  from 
lead,  and  preferably  free  from  traces  of  alkaline  sulphide. 

No.  1  standard  lead  acetate  solution  (stock). — 1  cc  =  0.0001 
grm.  lead.  Prepared  by  dissolving  0.1463  grm.  of  pure 
lead  sulj^hate  in  ammonium  acetate  solution  and  diluting 
to  1  litre.  (Note. — This  solution  keeps  for  a  consider- 
able time.) 

No.  2  standard  lead  acetate  solution  (dilute),  1  cc.  =  0.00001 
grm.  lead.  Prepared  by  diluting  100  cc.  of  No.  1  (stock) 
solution  to  1000  cc.  with  pure  water.  (Note. — This  solu- 
tion does  not  keep  well,  and  should  be  made  up  at  least 
every  day  or  two.) 

Blank    Experiments. 

Blank  experiments  should  always  be  carried  out  parallel  with  the 
analysis  ;  the  correction  indicated  by  the  blank  should  be  small 
compared  with  the  quantity  of  lead  determined.  As  the  extreme 
limit  the  correction  should  not  be  more  than  50  %  of  the  total  amount 
of  lead  found,  and  for  satisfactory  work  it  should  be  much  less  than 
this. 

The  total  error  indicated  by  the  blank  should  not  exceed  0.025 
mg.  (the  sum  of  the  positive  and  negative  errors).  The  quantity  of 
sample  taken  for  analyses  should  be  such  that  the  total  lead  found 
will  be  about  5  or  10  times  this  amount. 

Determination  of  Lkad  in  Water. 

Filtration. — The  volume  of  the  water  should  be  ascertained  and 
the  whole  sample  filtered,  ])referably  by  an  automatic  feeding  device, 
and  the  clear  filtrate  and  .sediment  treated  separately,  the  lead  found 
in  each  being  ralculated  to  tlie  amount  of  samj)le  used. 

(1)  Evaporation.  Take  2.5  to  5  litres  of  the  filtered  water,  evaj)orate 
in  a  10-in.  i)orcelain  basin  (S.C.P.)  to  approximately  100  cc,  neutralize 
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or  make  slightly  acid  with  hydrochloric  acid  to  decompose  anv 
calcium  carbonate  or  alkaline  salts,  then  add  an  excess  of  2  cc.  of  the 
hydrochloric  acid  and  continue  the  heating  for  another  five  minutes. 
The  acidity  must  be  carefully  regulated  or  the  precipitation  with 
sulphuretted  hydrogen  will  be  unsatisfactory. 

(2)  Separation  of  Second-Group  Metals.-  Filter  through  an  ll-(ni. 
filter  paper  into  a  300-cc.  Erlenmeyer  flask,  wash  the  dish  and  filter 
paper  well  with  hot  distilled  water.  Cool,  and  make  the  solution  uj) 
to  a  bulk  of  250  cc.  Fit  the  flask  with  a  rubber  stopper  with  two 
holes,  through  one  of  which  a  straight  glass  tube  passes  nearly  to  the 
bottom  of  the  flask,  the  end  of  this  tube  being  drawn  out  to  a  flne 
jet.  Through  the  other  hole  is  passed  another  glass  tube  bent  at 
right  angles,  going  through  the  stopper  for  a  length  of  about  half  an 
inch.  Connect  up  with  the  hydrogen  sul])hide  apj)aratus  and  bubble 
a  slow  stream  of  the  gas  through  the  cold  solution  for  one  hour. 
Allow  to  stand  overnight,  when  any  precipitate  will  settle  out.  Filter 
through  a  9-cm.  filter  paper,  wash  out  the  flask  three  times  with  a 
small  quantity  of  cold  hydrogen  sulphide  water,  and  then  wash  the 
filter  ]»aper  three  times  with  the  same  liquid. 

(3)  Separation  of  Lead  as  Sulphate.-  Dissolve  the  precipitate  of 
sulphides  by  dropping  2  cc.  of  hot  1  :  1  nitric  acid  from  a  pipette 
around  the  filter  paper,  followed  by  another  2  cc.  of  the  same, 
catching  the  solution  in  the  original  Erlenmeyer  flask.  Wash  six 
times  with  hot  distilled  water.  Warm  the  solution  in  the  flask  and 
evaporate  to  about  20  cc,  then  transfer  to  a  50-cc.  cylindrical  beaker 
(non-alkali  glass),  washing  out  the  flask  three  times  with  warm  water, 
Hvaporate  quietly  to  about  5  cc.  on  the  hot  plate,  then  add  1  cc. 
sulphuric  acid  and  take  to  strong  fumes.  Cool,  and  add  20  cc.  cold 
water,  then  10  cc.  of  alcohol  ;  mix  well,  and  allow  to  stand  overnight. 
Filter  through  a  9-cm.  filter  paper,  washing  out  the  beaker  with  a 
solution  of  65  volumes  of  water,  32  volumes  of  absolute  alcohol,  and 
3  volumes  of  sulphuric  acid.,  then  wash  the  filter  paper  three  times 
with  the  same  solution. 

(I)  ('(florimetric  Determination  of  the  Z/f«(/.- -Dissolve  any  precipitate 
off  the  HIter  paper  by  dr<)|»)»ing  5  cc.  of  hot  (1:2)  ammonium  acetate 
solution  from  a  pii)ette  around  the  filter  paj)er,  followed  by  another 
5  cv.  of  the  same  reagent,  catching  the  solution  in  the  original  50-fC. 
btakcr.     Wash  six  times  with  hot  water.     Cool  and  Nesslerize,  using 
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a  standard  lead-aectatc  solution,  1  cc.  =  O.OOOOl  ^rni.  lead.  The 
Nesslerizing  is  carried  out  in  the  following  manner : — Transfer 
the  assay  solution  to  a  50-cc.  Nessler  tube,  add  1  cc.  of  a  10  "o 
potassium  cyanide  solution,  1  cc.  ammonium  hydroxide,  and  G 
drops  of  freshly-prepared  annnonium  sulphide.  Make  up  to 
the  50-cc.  mark  and  mix  well.  This  assay  solution  is  com- 
pared with  a  solution  made  up  as  follows : — In  another  Nessler 
tube  take  10  cc.  of  the  (1:2)  ammonium  acetate  solution,  1  cc. 
of  the  10  ^/q  potassium  cyanide  solution,  1  cc.  ammonium  hydroxide, 
and  6  drops  of  ammonium  sulphide.  Make  up  to  about  45  cc. 
and  mix  well.  This  solution  must  be  quite  colourless.  Add  to 
it  the  standard  lead-acetate  solution,  stirring  after  such  addition 
until  the  colour  matches  that  of  the  assay,  when  both  tubes  are  placed 
in  a  colorimeter.  It  is  advisable  to  arrange  the  strength  of  the  assay 
solution  so  that  not  more  than  8  cc.  of  the  standard  lead  solution 
wdll  be  required  for  Nesslerizing.  If  much  lead  sulphate  precipitate 
is  noticed  after  the  addition  of  water  and  alcohol,  the  solution  in 
ammonium  acetate  must  be  made  u])  to  a  definite  volume,  and  an 
aliquot  part  taken  for  Nesslerizing,  so  that  not  more  than  8  cc.  of 
standard  solution  will  be  used  in  the  comparison.  In  this  case  use 
the  same  proportion  of  (1:2)  ammonium  acetate  for  making  up  the 
comparison  solution  as  is  contained  in  the  aliquot  part  of  the  assay 
solution. 

Method  of  Treating  Sediment. — The  sediment  is  treated  on  the  filter 
paper  with  10  cc.  of  hot  concentrated  hydrochloric  acid  by  running 
it  from  a  j)ipette  around  the  filter  paper.  This  is  followed  by  another 
10  cc.  of  the  hot  hydrochloric  acid.  The  solution  is  allowed  to  run 
into  the  bottle  which  contained  the  original  water  sample,  the  filter 
paper  being  washed  six  times  with  hot  distilled  water,  the  solution 
washed  around  the  bottle  several  times,  and  then  transferred  to  a 
.300-cc.  beaker  (non-alkali  glass),  the  bottle  being  rinsed  out  three 
times  with  hot  water,  and  the  washings  added  to  the  main  solution. 
The  solution  is  evaporated  just  to  dryness,  when  2  cc.  hydrochlori( 
acid  and  10  cc.  water  are  added.  The  solution  is  warmed  and  filtered 
through  a  9-cni.  filter  paper  into  a  300-cc.  Krlenmeyer  flask,  cooled, 
and  made  up  to  a  volume  of  250  cc.  From  tliis  stage  the  method  is 
carried  on  in  the  same  manner  as  for  waters.  (See  (2)  Se[)aration  of 
Second-Group  Metals.) 
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Determination  of  Lead  in  Urine. 

(1)  Evaporation  of  the  Urine. — Place  500  cc.  of  tlic  sample  in  a 
7-in.  porcelain  basin  (S.C.P.  ware),  add  50  cc.  of  nitric  acid,  and 
evaporate  on  the  hot  plate,  gradually  adding  another  500  cc.  of  the 
sample,  making  1  litre  in  all.  (If  the  urine  contains  much  sediment 
more  nitric  acid  is  necessary.)  Continue  the  evaporation  until  about 
30  cc.  are  left. 

(2)  Destruction  of  Organic  3/a//er.— Transfer  to  a  silica  dish  (about 
3i  in.  in  diameter),  cleaning  out  the  porcelain  basin  with  10  cc.  nitric 
acid,  and  finally  washing  it  out  with  distilled  water.  Allow  the 
contents  of  the  dish  to  evaporate  slowly  on  the  hot  plate  to  avoid  loss 
by  spraying.  Continue  the  evaporation  to  dryness,  being  careful 
to  avoid  overheating,  which  causes  the  mass  to  fume  strongly,  and 
possibly  to  deflagrate.  When  dry.  j^lace  the  dish  in  a  small  muffle, 
preferably  electrically  heated,  and  heat  until  fuming  ceases  and  the 
mass  becomes  charred,  ])roceeding  very  cautiously,  to  i)revent 
deflagration,  especially  at  first.  Gradually  increase  the  temperature 
by  pushing  the  dish  further  into  the  muffle  until  the  carbon  burns  off 
quietly  and  the  mass  becomes  white.  Heat  to  between  450-  and 
500'^  C.  until  red  fumes  cease  to  be  given  of!,  usually  in  about  20 
minutes.  If  the  nitrates  ])resent  are  not  completely  decomj)osed  at 
this  stage  the  analysis  will  have  to  be  rejected. 

(3)  Heparation  of  Second-Group  Metals.—  Cool,  add  hot  water  until 
the  dish  is  about  two-thirds  full  ;  heat  to  boiling  on  hot  plate,  break 
up  lumps  with  a  glass  rod,  and  carefully  add  hydrochloric  acid  until 
the  solution  is  clear  and  either  neutral  or  very  slightly  acid.  Then 
add  exactly  2  cc.  hydrochloric  acid  in  excess.  Special  attention  must 
be  given  to  the  acidity  of  the  solution  at  this  stage.  The  white  residue 
after  ignition  is  usually  alkaline,  and  must  be  carefully  neutralized, 
then  the  required  excess  of  acid  added.  Filter  of!  any  small  residue 
of  silica  through  a  9-cm.  filter  ])aper,  wash  well  with  hot  water, 
catching  the  filtrate  in  a  300-cc.  Erlenmeyer  flask.  Cool,  and  make 
up  bulk  to  250  cf.  Then  proceed  as  in  the  examination  of  water 
(  (2)  Separation  of  Second-(iroup  Metals). 

Note.  -If  much  sulj)hur  is  })recipitated  during  the  treatment  with 
sulphuretted  hydrogen  it  indicates  that  all  th<'  nitrates  have  not  been 
decompo.sed  owing  to  insuflicient  heating  in  the  muflle.  In  this  case 
the  analysis  should  be  rejected. 
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DESCRIPTION  OF  XKW  PLANT  AT  SOUTH   MINE,    BROKEN 

HILL. 

By  W.  E.  Wainwright  and  J.  C.  Cinningham. 

Ore  Tonnage  Treated. 

Just  prior  to  the  war  the  Broken  Hill  South  Ltd.  raised,  on  the  average, 
6628  tons  of  ore  per  week,  all  of  which  was  crushed  and  treated  in 
the  4-section  gravity  mill  and  the  slime  flotation  plant,  for  the 
recovery  of  lead  concentrate  carrying  silver.  The  sandy  residues 
from  that  treatment  were  railed  to  tlie  treatment  plant  of  the 
Amalgamated  Zinc  (De  Bavay's)  Ltd.  for  the  recovery  of  zinc  con- 
centrate by  flotation,  on  the  joint  account  of  both  companies. 
Subsequent  to  that — since  1916 — ap])roximately  10()C)  tons  of  old 
dump  slime  were  also  treated  weekly  for  the  recovery  of  lead  and 
silver  as  slime-lead  concentrate. 

Plant  Capacity. 

Under  this  programme  the  Babcock  and  Wilcox  boiler  ])lant  of 
8  boilers  was  taxed  to  such  an  extent  as  to  call  for  the  installation  of 
two  additional  boilers,  each  of  2690  sq.  ft.  of  heating  surface  and 
55  sq.  ft.  chain-grade  area. 

The  electric  generators  and  the  air  compressors  of  the  old  power- 
l>lant  were  also  loaded  to  their  maximum  capacity. 

In  view  of  the  fact  that  the  old  power-j)lant  had  been  added  to 
from  time  to  time  since  1901,  and  that  further  extension  was  not 
possible,  and  as  it  was  not,  moreover,  an  economical  arrangement, 
the   whole  question   of  jiower  generation   was  reconsidered. 

The  considerations  that  determined  the  installation  of  entirely 
new  plant  were  as  follow  : — 

(1)  The  need  for  more  compressed  air  for  underground  work  and 
more  electric  current  for  the  extension  of  the  slime-flotation  plant 
for  the  recovery  of  zinc,  as  well  as  lead,  as  slime  concentrates. 
Provision   of    additional    jiower   was   also   deemed   advisable   for   the 

[ThiH  paper  i.s  i>epar»t«ly  buuaJ,  and  may  b«,  if  to  detired,  det«cbed  compirt*  from 
this  numbcT.]  e 
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treatment  of  the  baiul  residues  on  the  mine,  at  the  termination  of  the 
contraet  with  the  Amalgamated  Zinc  (De  Bavay's)  Ltd. 

(2)  The  desirability  of  more  economical  power  generators  in  order 
to  reduce  demand  for  steam  from  boilers. 

(3)  The  reduction  in  cost  of  rujining  and  maintenance  of  one  (or 
two)  large  generators  compared  with  that  of  the  several  old  and  small 
units. 

(4)  The  advantage  that  would  accrue— both  in  the  boilers  and 
the  generating  units- -by  having  a  condensate  feed  water,  thus 
eliminating  the  j)riming  which  existed  in  the  boilers,  and  which  had 
the  effect  of  keeping  down  the  temperature  obtainable  in  the  boiler 
superheaters,  choking  the  superheater  boxes  with  a  fine  aluminous 
lime  deposit.  This  deposit  was  also  ])assed  through  the  steam  mains 
and  engine  cylinders,  also  the  turbine  blading  of  the  exhaust  turbo- 
alternator,  causing  undue  wear  and  fouling  of  the  former  and  choking 
up  of  the  latter. 

(5)  The  nece-ssity  for  making  all-  modifications  of  power-plant 
without  interfering  with  the  running  of  the  old  plant. 

(6)  The  fact  that  a  cooling  tower  existed  for  the  exhaust  steam 
turbine,  which,  with  some  modification,  could  be  made  to  serve  the 
new  power-]jlant. 


Plant  Selection. 


1 


Broken  Hill  has  suffered  through  indecision  in  the  past  to  instal 
a  central  power-plant  such  as  would  have  reduced  the  cost  of 
generating  power,  as  well  as  the  total  expenditure  for  the  aggregate 
requirements  of  the  industry  and  district.  For  the  successful 
carrying-on  of  mining  and  treatment  o])erations,  the  supply  of  j)owcr 
must  be  continuous  and  relia})le,  and  not  subject  to  breakdown 
.stoppages.  On  that  account  it  is  essential  to  have  stand-by  units, 
wherever  repairs  and  overhauls  of  any  portion  of  the  plant  require 
an  appreciable  time  for  their  |)roper  execution. 

In  connection  with  the  South  mine  ])owcr-plant,  it  was  early 
decided  that  all  non-condensing  engines  and  long  steam  mains  should 
be  eliminated  as  much  as  possible.  This  involved  the  electric  driving 
of  the  whole  of  the  concentrating  mill  and  soum"  of  th(;  air-compressing 
plant. 

In  view  of  the  fact  that  U)  Babcock  and  Wilcox  boilers  were  already 
in.stalled  and  in  good  condition,  the  consideration  of  gas  engines  was 
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put  aside.  Again,  existin^^  electric  plant  was  three-phase,  alternating, 
40-cycle,  and  so  tlie  power-plant  selected  was  hi«:h-pressiire  steam 
tiir])o-alternators  of  30rX)  kw.,  6(H)  volts,  at  .8  power  factor,  or 
3750  k.v.a.,  that  being  the  size  which  the  various  treatment-plant 
extensions   were   estimtaed   to   require. 

Since  that  decision  was  arrived  at.  shorter  hours  have  come  into 
force,  which  must  reduce  the  outi)ut  of  ore  ))er  week.  This  mu.^t 
naturally  reduce  the   weekly   power  out})ut. 

Wlien  the  present  de))ression  has  passed,  tho  plant  described  here- 
after can  be  utilized  to  its  full  capacity. 

Boilers. 

Ten  Babcock  tt  Wilcox  boilers,  each  of  2H9()  sq.  ft.,  and  each 
ritted  with  chain-grate  stokers  having  55  sq.  ft.  of  grate  area,  built 
in  5  batteries  of  two  each,  comprise  the  boiler  equijmient.  At  least 
one  battery  of  boilers  is  always  out  of  commission  for  cleaning  and 
repair  purposes. 

The  stoker  gear  is  driven  by  a  small  Belliss  engine,  controlled  by 
an  Auld's  automatic  steam-pressure  regulator,  which  speeds  the 
engine  with  anv  slight  fall  of  the  working  pressure  below  150  lb. 
per  sq.  in. 

The  draught  is  given  by  one  of  duplicate  108-in.  induced  draught 
fans,  with  5-ft.  «liam.  stacks,  o))erated  by  Belliss  engines  at  220 
maximum  revolutions.  The  speed  of  the  engine  and  direct-couj)led 
fan  is  also  eontrolled  by  an  Auld's  automatic  steam-])ressure 
regulator. 

By  the  u.se  of  these  sej)arate  regulators  the  proportioning  of  draught 
to  coal  supply  can  be  readily  adjusted  to  give  the  be.st  condition  of 
tires,  but  that  adjustment  is  rendered  comparatively  easy  by  virtue 
of  the  relatively-uniform  load  that  jirevails  during  the  working  week. 

The  draught  in  each  boiler  is  made  the  same  )»y  setting  the  movable 
dampers  at  the  back  of  each  boiler  so  that  there  are  uniform  fires  in 
all   boilers. 

The  uniformity  of  steam  pressure  obtained  by  this  automatic  control 
of  coal  and  draught  is  shown  bv  the  pressun'-gauge  record  (tig.  1). 

The  coal  supply  is  obtaine«l  from  a  2500-ton  storage  bin,  running 
p.irallel  with  the  front  of  the  boilers.  The  coal  is  drawn  out  thn»ugh 
<hutes  into  trucks,  weighed  on  small  platform  bridges,  crushed  in  a 
No.   :j   dates   breaker,   and   elevated  to  a   tiat-rubber   belt   conveyor, 
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which  distributes  the  coal  into  5-ton  concrete-lined  steel  hoppers,  one 
of  which  is  placed  immediately  above  the  feeding  hopper  of  each  boiler. 


Fk;.  1. 

SlKAM    I'llKsSUriK    RfCCOItDKIt    CHAUT. 

The  steam  generated  is  passed  through  large  suj)erheaters  supj)lied 
by  Messrs.  Habcock  &  Wilcox,   and   which    are  built  into  the  boilers. 

With  the  relatively  small  amount  of  softened  make-up  water  which 
is  added  to  the  condensate  returned  by  the  generating  units,  in  order 
to  replace  th^^  steam  exhausted  to  atrnos})here  by  the  main  hoisting  (or 
winding)  engine  and  the  fan  and  stoker  engines,  the  boilers  do  not  now 
prime  as  they  used  to  do  when  the  feed  was  practically  all  softened 
water.  In  consequence,  the  8Ui)erheat  temi)erature  is  nowabout  520° 
F.  at  the  boilers  on  the  average,  and  reaches  580^   K.  inaxirmun. 
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Steam  Mains. 

The  site  for  the  new  power-generator  building  was  chosen  as  close 
to  the  boilers  as  possible,  a  diagonal  through  the  boiler  plant  being 
in  line  with  a  diagonal  through  the  power-generating  building.  On 
this  account  a  longer  steam  main  occurred  than  was  desirable,  and, 
in  consequence,  a  number  of  experiments  were  made  to  determine 
which  of  the  many  materials  offering  would  give  the  best  insulation. 
After  testing  cellular  slabs,  asbestos,  and  other  wet  compositions, 
slag  (or  mineral)  wool  was  finally  .selected  on  account  of  the  low 
temperaures  obtained  on  the  outside.  The  thickness  employed  was 
3J  in.,  and  the  manner  of  a})plication  as  per  Plate  I.  This  construc- 
tion supports  a  casing  of  galvanized  iron  at  a  uniform  distance  from 
the  body  of  the  pipe.  The  iron  is  held  on  by  hoop-iron  straps,  im- 
mediately underneath  which  are  light  iron  rings  in  halves,  and  lapped 
and  bolted  together.  These  rings  are  in  turn  held  in  correct  position  by 
two  or  three  fibro-asbestos  radial  strips,  which  are  bolted  to  the  upper 
half-ring  only  in  the  case  of  a  horizontal  pipe.  The  iron  straps  are 
not  tightened  until  the  casing  has  been  filled  through  a  wide  slot 
space  running  the  full  length  of  the  casing.  After  the  casing  has  been 
filled  a  sheet  of  galvanized  iron,  wide  enough  to  cover  the  distance 
between  the  edges  of  the  casing,  and  which  has  already  been  placed 
under  the  straps,  is  drifted  over  so  as  to  cover  the  space  and  keep 
rain  from  getting  into  the  casing. 

The  casing  over  the  flanges  is  larger  in  diameter  than  that  over  the 
pipe,  and  the  length  is  so  arranged  that  the  joint  bolts  can  be 
removed  without  removing  the  semi-circular  fibro-asbestos  rings 
which  form  the  ends  of  the  pipe  casing  and  the  suj)port  for  the 
galvanized-iron  flange-casing. 

The  temperature  of  steam  when  it  leaves  the  superheaters  at  the 
boilers  averages  about  520°  F.,  and  when  it  reaches  the  stop  valve 
of  the  3000  kw.  steam  turbo-alternators  it  has  fallen  to  500"  F. 
Anchors  on  the  steam  main  are  provided  at  3  j)oints,  and  all  ex|)ansion 
away  from  these  points  is  taken  care  of  by  the  bends  and  long  lengths 
of  {)ij)e  that  intervene,  all  of  which  are  su}>ported  from  swinging 
hangers,  suspended  from  suitable  structures  overhead.  The  class  of 
joint  used  on  the  main  is  made  by  cutting  rings  of  brass  wire,  wove, 
IG-niesh,  25-gauge,  of  sufficient  width  to  cover  the  joint  surface 
between  the  bore  of  pipe  and  inside  edge  of  bolt  holes.     The  ring 
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tlien  has  two  rows  of  duplex  load  wire  laced  through  the  wove. 
Dixon's  jointing  compound  is  then  a])])lied  on  the  ring.  The  function 
of  the  lead  wire  is  to  prevent  the  jointing  comi)ound  from  blowing 
out  of  the  wove  under  ])ressure. 

New  Power  Generators. 

The  building  required  for  the  housing  of  the  new  plant  has  been  com- 
j)leted  generally  in  accordance  with  the  ])roposed  arrangement  set  out 
in  Plates  II.  and  III.  The  basement  is  16  ft.  9  in.  below  the  o])erating 
floor,  which  is  a  few  inches  above  the  ground  level  around  the  building. 

The  basement,  basement  walls,  and  operating  floor  are  all  of 
concrete  of  the  ])roportion  of  5  stone,  3  sand,  and  1  cement.  The  main 
walls  are  of  brick  set  in  cement-lime  compo. 

The  building  measures  136  ft.  long  by  63  ft.  wide,  the  height  from 
basement  to  the  ])late  carrying  the  roof  principals  being  49  ft.  9  in., 
and  from  basement  to  apex  of  gable  69  ft. 

The  ventilation  of  the  building  is  effected  by  means  of  two  large 
openings  in  the  apex  of  the  roof,  which,  in  wet  weather,  are  closed 
bv  two  sliding  covers,  ojierated  simultaneously  by  a  wire  rope  on 
small  hand  winches  set  ii])  on  uprights  in  the  ground  at  each  end  of 
the  building.  One  winch  opens  and  the  other  closes  the  o])enings. 
When  these  are  closed  on  account  of  weather,  the  ventilation  occurs 
through  two  large  doors,  one  at  each  end  of  the  ])uilding. 

The  roof  is  of  corrugated  iron,  and,  being  unlined.  the  under  side 
is  painted  a  pale  French  grey.  The  walls  and  foundations  are  lime- 
washed  throughout  to  give  good  illumination.  Portion  of  the  floor 
is  of  reinforced  concrete  ;  but  where  any  auxiliaries  occur  in  the 
basement  the  floor  overhead  is  of  portable,  marine-grid  type,  in  order 
to  make  all  machinery  in  the  building  accessible  to  the  20-ton  electric 
crab,  which  is  traversed  longitudinally  and  transversely  by  hand. 
The  14-in.  x  6-in.  steel  joists  which  form  the  runway  of  the  crane  are 
carried  on  brick  buttresses  formed  on  the  maiii  wall  of  the  l)uil(ling. 

The  machinery  installed  inside  the  building  comprises  the 
following  :- 

No.  1  set. — 4rX)-kw.   Helliss  engine  alternator. 

No.  2  set.-  -3000-kw.  Fraser  and  Chalmers  Vickers  high-pressure  steam 
turbo-alternator  set,  complete,  with  Allen  kinetic  condensing 
plant. 
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Xu.  3  set.^ — ^3000-k\v.  Fraser  and  dialiners  Vickers  high-presaure 
steam  turbo-alternator  set,  complete,  witli  Allen  kinetic  con- 
densing plant. 

Xo.  4  set. — KXK)  b.h.p.  Belliss  turbine-driven,  geared,  reci[)rocating 
air  compressor,  complete,  with  Belliss  kinetic  condensing  plant, 
(Volume  compressed,  5000  cub.  ft.  free  air  [)er  min.  to  90  lb. 
pressure.) 

2  r/)-kw.  motor-driven  exciters,  for  Nos.  2  and  3  sets,  each  of  357 
amp.  and  140  maximum  volts. 

2  ■S3-in.  Heenan  and  Froude  a'lr-washers,  for  air  supply  to  alternator 

fans 
1    GO-in.   Heenan  and  Froude  air-washer,  for  turbo-compressor. 

3  Precision   water  meters,  for  the  measurement  of  condensate  from 

the  condensers  of  the  Xos.  2,  3  and  -4  sets,  are  set  on  the  main 
operating  floor. 

1  feed-water  storage  tank,  to  receive  the  condensate  from  the  meters, 

and  to  which  softened  water  is  added  automatically  through 
a  float  valve  in  order  to  make  up  the  loss  of  steam  that  occurs 
from  steam  main  drains,  winding  engine,  and  other  engin-3 
exhausts  to  atmos])here. 

2  Weir    steam    turbine-driven,    single-stage,    centrifugal    feed-])umps, 

for   automatically   delivering   feed    water   to    boilers ;    each    is 

capable  of  delivering  100,000  lb.  of  feed  water  per  hour. 
2    motor-driven,    two-stage,    centrifugal    pumps,    for    raising     cooled 

water   for     circulation     through    various    oil    coolers     and    air- 

iompressor  cylinder  jac  kets  and   intercoolers. 
I    [)olished  slate  switchboard.   l)y  the  American  General  Electric  Co., 

for   the   operation     of     the    main   and    feeder   switches,   etc.,   as 

described    hereafter. 
I  complete  switch  eipiipUHMit.  in  sjx'cial  switch  room  on  the  l>asement, 

all  of  which  is  oj)erated  electricallv  from  the  switchboard  above. 
There  is  also  a  cooling  water  flume  (or  duct),  measuring  5  ft.  x  (J  ft. 
<leep.  and  extending  nearly  the  length  of  the  building.  This  is  main- 
tained full  bv  a  21 -in.  direct-coupled,  motor-driven,  twin  centrifugal 
pmnp  through  a  24-in.  main,  on  the  di.scharge  end  of  which  a  float- 
controlled,  balanced  valve  does  the  regulating.  The  |>ump  which 
HUpplies  the  duct  is  located  at  the  side  of  the  cooling  tower,  and  has 
a  hydrauli*-  liead  on  the  suction  side,  on  account  of  the  top  of  suction 
smnp  being  higher  than  the  pump. 
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Cooling  Tower. 

The  cooling  tower  is  of  Cunningham's  patent  elevated,  louvred- 
bottom  type,  and,  as  illustrated  in  Plates  VII.  and  VIII.  fig  1,  the 
method  of  spraying  the  water  is  by  centrifugal  saucer  nozzles.  The 
pressure  in  the  main  which  runs  along  one  side  of  the  cooling  tower 
and  distributes  the  water  to  the  sprays  is  about  8  lb.  at  the  level  of 
the  spravs,  but  this  is  varied  to  suit  the  weather  conditions.  For 
instance,  in  windy  weather  the  number  of  sprays  in  operation  is 
increased  so  as  to  reduce  the  working  head  and  so  increase  the  size 
of  drops  produced  by  the  nozzles,  thus  reducing  the  mechanical 
loss  by  wind. 

In  hot  summer  weather,  with  the  dry-bulb  thermometer  ranging 
up  to  105°  F.  and  the  wet  bulb  up  to  70°  F.,  the  increased  absorbing 
capacitv  of  the  air  for  water,  or,  more  technically,  the  increased  vapour 
pressure  of  water  at  about  100°  causes  considerable  additional  loss  by 
evaporation.  This  is  more  readily  understood  when  it  is  pointed 
out  that  in  the  usual  chimney  type  of  tower  the  temperature  of  the 
cooled  water  in  the  middle  of  a  summer  day  may  approximate  to 
the  drv-bulb  temperature  of  the  air,  whereas  in  a  tower  of  the 
elevated,  louvred-bottom  type,  here  described,  there  is  a  freer  access 
of  air,  and,  consequently,  the  cooled  water  can  more  nearly  approach 
the  wet-bulb  temj)erature. 

The  inlet  temperature  to  the  cooling  tower  on  hot  days  is  always 
below  the  dry-bulb  temperature,  so  that,  obviously,  there  must  be 
a  greater  loss  of  water  by  evaporation  com])ared  with  the  condition 
that  obtains  in  the  winter,  when  both  the  inlet  to  and  outlet  from 
the  tower  are  higher  than  the  dry-bulb  temperature  of  the  air. 

When  the  plant  is  in  continuous  and  steady  operation,  some  inter- 
esting data  will  be  obtainable  on  the  problem  of  cooling  water  for 
condensing  purposes. 

Air  Compressors. 

In  addition  to  tin;  turbine-geared  compressor  in  the  new  ))lant, 
2  motor-driven  air  compressors  are  housed  in  the  old  power-plant 
building.  These  have  been  made  by  converting  2  Belliss  tri])le- 
expansion,    400-kw.   engine   alternators   of   343   rev.,  as   follows  : — 

The  3  steam  cylinders  were  re])laced  by  air  cylinders,  2  of  which 
are  low  pressure    anrl   1    high   j)ressure,  with    an  intercooler  between 
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the  two  stages.  Each  compressor  is  driven  by  a  440  }).h.|).  slij)-rin)» 
induction  motor,  and  runs  at  260  rev.,  with  an  intake  of  2500  cub.  ft. 
per  minute. 

All  compressors  are  fitted  with  an  automatic  control,  so  arranged 
that  when  the  pressure  rises  to  any  })re-determined  extent  the  air 
supply  to  the  low-pressure  cylinders  is  cut  of^',  and  when  it  drops  about 
2  or  3  lb.  the  air  is  re-admitted. 

With  the  mine  running  on  a  small  output,  the  amount  of  compressed 
air  required  for  all  purj)Oses — both  underground  and  on  the  surface — 
can  be  readily  sup})lied  by  one  motor-driven  compressor. 

In  this  way  a  more  economical  load  can  be  built  up  for  one 
3000-kw.  turbo-alternator  unit,  which  develops  all  ])ower  required, 
€xcej)ting  only  the  steam  winder  on  the  No.  1  shaft,  the  induced 
draught  fan  engine,  the  stoker  engine,  and  the  steam-driven  service 
and  fire  pumj)s. 

ELEf'TRK  AL    EQUIPMENT. 

Control  BodnL  The  switchboard  })roviding  the  control  for  the 
generation  and  distribution  of  electrical  energy  is  built  up  of  18 
panels  of  enamelled  black  slate,  and,  from  left  to  right,  are  arranged 
as  follow  :    - 

4  exciter  ])anels 

1  voltage  regulator  ])anel 

2  main  feeder  panels 

3  generator  panels 

1  recording  ammeter  and  earth-leak  detector  panel 

3  main  feeder  j)anel8 

\  sub-feeder  panels 
with  direct  current  voltmeters  and  synchronism  indicators  on  swinging 
brackets  at  the  left  and  right  ends  of  the  board  respectively. 

The  exciter  panels  are  provided  with  ammeters,  rheostat  hand- 
wheels,  voltmeter  ]>lug  and  double-throw  switches,  so  that  any 
exciter  may  be  coupled  to  either  of  the  two  d.c.  busses  proviiled. 
This  allows  one  of  the  smaller  exciters  to  be  used  for  o))erati(>n  of 
tlu'  switch  gear,  and  excitation  of  various  sj)ecial  magnets  on  the  mine 
to  be  operated  independent  of  the  50-kw.  exciters  which  supply  the 
fields  of  the  3rKK)-kw.  turbo-alternators.  The  Tirrill  automatic 
voltage   regulator    operates    on    the    shunt   rheostat    of     the   50-kw. 
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exciters  to  maintain  a  constant  a.c.  buss  pressure  of  580  volts,  and 
])n>vides  for  variation  of  this  ])ressure.  if  necessary,  over  a  small 
ranije,  plus  or  minus. 

The  main  feeder  })anels  are  equipped  with  ammeter,  3-way  ammeter 
switch,  voltmeter,  synchronizing  plug,  pull  buttons  (with  re'd  and 
green  indicator  lamps  for  switch  operation),  and  integrating  Watthour 
meters. 

The  generator  panels  are  equipped  witli  a.c.  ammeters,  3-way 
ammeter  switch,  voltmeter,  indicating  Wattmeter,  synchronizing 
]»lug,  d.c.  ammeter,  generator  field,  and  discharge  switch.  Pull 
buttons  (^vith  indicating  lamps)  are  provided  for  main  switch  operation, 
and  pull  buttons  to  o])erate  the  reversible  motors  on  the  turbine 
steam  governor  control  and  the  main  field  rheostat.  The  3-way  a.t. 
ammeter  switches  on  feeder  and  generator  panels  are  provided  to 
connect  the  meter  in  with  any  one  phase  of  the  circuit,  as  a  check 
on  po.ssible  unbalanced  loading  or  fault. 

The  main  a.c.  switch  gear  and  bus  bars  are  located  in  a  fireproof 
concrete  room  in  the  basement,  situated  directly  under  the  control 
board,  so  that  there  are  no  a.c.  bars  behind  the  control  board,  except 
at  the  extreme  right-hand  end,  where  one  main  feeder  feeds  sub- 
busses  for  the  4  sub-feeder  panels. 

The  recording  ammeter  provides  for  the  taking  of  permanent  chart 
records  of  the  load  conditions  of  any  generator  or  feeder,  by  connecting 
it  in  series  with  the  meters  of  the  panel  controlling  the  circuit  of 
which  record  is  desired. 

The  electrostatic  earth-detector  gives  warning  of  the  occurrence 
of  any  slight  leak,  so  that  it  may  be  remedied  before  a  second  such 
leak  on  another  ])hase  develops  a  short-circuit. 

Two  sub-feeder  [)anels  carry  800  amp.  oil  switches,  2  to  each  ])anel, 
directly  bolted  to  the  back,  and  operated  hy  hand  lever  from  the 
front. 

Meters  on  these  circuits  consist  of  ammeters  and  integrating  Watt- 
hour  meters.  No.  3  sub-feeder  ])ancl  controls  the  whole  of  the  mine 
lighting,  and  is  provided  with  a  double-throw,  interlocked  oil  switch, 
which  takes  its  feed  from  the  South  mijic  sul)-l)iiss  Fioriniilly,  I)ut,  in 
emergency,  ran  supply  its  load  from  the  (Vntr;il  ininc  feeder  )»anol, 
located  alongside.  The  lighting  jmnel  is  |)r()vi(l('d  with  integrating 
Watthour  meter,  and  also  ammeters  in  each   j)liase,  so  that  the  con- 
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nectinij  of  single-phase  transformers  used  for  lit{hting.  etc..  may  be 
adjusted  to  keep  a  balanced  load  as  close  as  possible.  Double-throw 
switches  are  provided  on  this  panel,  controlling  10  k.v.a.  and  15  k.v.a. 
transformers,  and  manipulation  of  these,  changes  these  transformers 
from  one  phase  to  another,  to  enable  close  balance  of  load  to  be 
obtained. 

No.  4  sub-feeder  panel  at  the  extreme  ritrht-hand  end  of  the  control 
board  takes  its  feed  from  the  sub-buss,  and  forms  a  feeder  to  link 
with  the  Central  mine  power  plant,  witli  which  ])ower  is  exchanged 
during  times  of  light  load  or  emergency.  This  panel  carries  an  a.c. 
ammeter,  voltmeter,  central  zero  indicating  Wattmeter,  and  two 
integrating  Watthour  meters. 

Switch  /?oo?«.—  Mounted  in  the  basement  switch  room  there  are 
2  5000-amp.  oil  switches  for  the  main  generators,  6  2000-amp.  oil 
switches  for  the  5  feeders,  and  1  400-kw.  Belliss  G.E.  generator. 

These  switches  are  all  solenoid  operated  through  relays,  operated 
by  the  ])ull  buttons  on  their  respective  panels  of  the  control  board 
overhead,  d.c.  at   120  volts  for  the    magnets  being  provided  by  the 

16-kw.  exciter  running  on  the  lower  d.c.  buss,  and  protected  by  air 
circuit-breaker  mounted  below  the  voltage  regulator  on   the  control 

board. 

The  switches  are  mounted  on  Ij-in.  pipe  framework,  which  serves 
to  carry  the  overhead  copper  bus-bars  of  6-sq.  in.  section  per  phase. 

This  same  framework  also  serves  to  carry  the   main  field   rheostat 

at  the  extreme  ends  of  the  room,  high  up.  where  their  heat  loss  is 

carried  awav  bv  the  air  without  trouble. 

Bus-bar  type  current  transformers  are  provided  on  all  circuits  to 

operate  the  meters,  and  tripping  relays  on  the  control  board.     The 

generators  are   protected  by  overload  inverse  time-limit   relays,  with 

the  addition  of  a  definite  time  limit  to  prevent  the  generator  switches 

0])ening  instantaneously   under  short  circuit. 

The    feeder   relays    are     ])lain,   overload,    inverse    time-limit,    thus 

securing  selective  action  between  feeders  and  generators  in  the  event 

of  a  short-circuit  on  a  feeder  outside  the  plant. 

The  1(H)-kw.   generator    is    ])rovided   with   a   *' looj*   bu.ss "   to  the 

sub-bu.<s  on  the  control  floor,  so  that  the  whole  of  the  main  busses 

and  switches    may  be  isolated   at    light   load   periods  for    neces.sary 

examination  or  repair. 
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All  outgoing  feeders  are  of  4-in.  x  -j-in.  or  1-in.  x  J-in.  bus-bar 
copper,  and  are  carried  outside  the  plant  in  fireproof-lined  ducts. 

In  the  case  of  the  main  mill  feeder,  this  duct  extends  to  the  No.  1 
motor  control  house,  from  which  point  suspended  cables  continue  to 
the  No.  2  motor  control  house  at  the  flotation  ])lant.  Present  load 
conditions  on  this  feeder  give  a  consumption  of  about  6,000,000  units 
per  annum,  which  will  be  increased  considerably  when  productive 
operations  on  a  normal  scale  are  resumed. 

The  temperatures  of  the  generator  windings  are  indicated  by 
instruments  fitted  on  a  special  panel  on  the  operating  floor  mounted 
forward   of  the  main  control  board. 

By  means  of  Precision  d.c.  ammeter  and  voltmeter,  the  resistance 
of  the  rotor  windings  may  be  calculated  while  the  machine  is  under 
load,  and  by  referring  this  to  the  resistance  at  some  known  temperature, 
the  temperature  while  running  is  obtained  continuously.  Thermo 
couples  bedded  in  the  stator  windings  indicate  the  hot  spot  temper- 
ature of  the  stator. 

Compensated  distance  thermometers  indicate  the  inlet  and  outlet 
air  temperatures. 

Motor  Control  Board.-  AW  of  the  power  plant  motors  being  of  the 
squirrel-cage  type,  their  starting  panels  are  grouped  on  the  operating 
floor  along  the  western  side  as  an  extension  of  the  main  control  board, 
iron-clad  emergency  switches  for  stopping  and  signal  bell  pushes 
being  j^rovided  at  each  motor. 

The  control  gear  of  all  motors  for  boiler  plant,  workshops,  and 
sawmill  is  carried  on  the  same  board,  which  has  a  total  of  44  ])anels. 

Each  motor  panel  is  provided  with  an  oil-switch  overload  protection, 
a  lever  switch  in  the  .starting  circuit,  an  ammeter,  and  signal  drop- 
shutter  with  indicating  lamp. 

An  audible  signal  is  provided  for  code  ringing. 

Two  .starting  comi)ensators  onli/  are  used  for  these  44  ])ancls,  the 
operation  of  starting  a  motor  being  as  follows  :— The  lever  starting- 
switch  is  closed,  which  connects  the  motor  to  a  set  of  dead  busses. 
The.se  hu.sses  are  energized  by  throwing  either  com})ensator  to  the 
starting  position  ;  the  acceleration  of  the  motor  is  indicated  by 
ammeter,  and,  when  about  completed,  the;  compensator  is  j)ulled  to 
the  running  po.sition,  giving  the  motor  full  voltage.  The  motor  oil- 
switch  is  now  closed,  thus  providing  a  parallel  circuit  to  the  com- 
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pcnsator,  which  latter  is  now  tripped,  and  the  starting  switch  }>ulled 
out,  leaving  the  motor  running  on  its  circuit  breaker  with  its  overload 
protection  and  ammeter  to  indicate  actual  load. 

Air  Washers  for  Alternators. 

The  experience  with  the  Heenan  and  Froude  air  washers  has  been 
good,  although  shortly  after  starting  the  first  set  it  was  found  that  the 
elim'.nators  were  allowing  particles  of  water  to  pass  into  the  duct 
and  alternator. 

Investigation  showed  that  the  water  being  used  was  causing 
incrustations  to  form  on  the  rotating  nest  of  wet  plates,  and  so  causing 
a  greater  quantity  of  water  to  be  lifted  from  the  tank.  This  hap])ened 
notwithstanding  that  the  minimum  concentration  of  salts  in  the 
trough  water  was  aimed  at  by  having  a  continual  overflow  and  an 
automatic  ball  valve  inflow. 

Evidently,  notwithstanding  these  precautions,  the  surfaces  of  the 
galvanized  j)lates  became  coated.  The  apparent  remedy  was  purer 
water,  and  all  trouble  has  disappeared  since  the  filters  were  scra|)ed 
and  the  washer  water  was  drawn  from  the  discharge  from  the 
condensate  meters. 

Heat  Economies. 

In  arranging  the  exhaust  steam  mains,  the  following  requirements 
have  been  catered  for  : — 

(1)  Good  insulation. 

(2)  Use  of  as  much  steam  as  possible  for  heating  feed  water. 

(3)  Steam    for    heating    men's    change-houses    and    foremen's 

change-rooms. 
(1)   Heating  of  water  during  water-softening  ])rocess. 
(5)  Keeping  all  oily  exhaust  steam  separate  from  steam  free 

from  oil. 
(G)   Tse  of  that  portion  of  the  steam  which  is  free  from  oil  and 
in  excess  of  that   required  for  heating  feed   water  in   the 
low-pressure  blading  of  the  3(KK)-kw.  turbines. 
The  steam  fret-  from  oil  is  applied  through  injector  nozzles  for  the 
heating  of  feed  water,  and  oily  exhaust   is  aj)i)lied   through  tubular 
surface   contact    heaters,   in    which    the     exhausts   from     the   win«ling 
engine,   fan   engine,   and   stoker  engine  are   utilized.     It   is  also   used 
for  heating  change-houses  and  the  water  in  process  of  softening. 
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A  considerable  proportion  of  tlie  winding-engine  exhaust  obviously 
escapes  to  atmosphere. 

During  the  afternoon  and  the  night  shifts,  when  the  steam  winder 
k  not  in  oi)eration,  exhaust  steam  from  the  turbine  feed  pumps  is 
used  for  heating  the  No.  1  change-house,  etc. 

Power-Plant  Records. 

The  following  information  has  been  culled  from  the  power-plant 
records,  and  is  indicative  of  results  obtained  during  summer  and 
winter  conditions  on  the  3000-kw.  sets  : — 

Steam  pressure  (lb.   ])er  sq.  in.)    . . 
Steam  temj)erature  at  boilers,  ^  F. 
Steam  temperature  at  turbine  stop  valve, 

^  F 

Absolute   condenser   pressure   in   inches   of 

mercury 
Average    total    condensed    steam    (lb.    per 

hour),    including    Terry    turbine    driving 

air  jmmp 20,500  26,500 

Average  net  output  (in  kilowatts  per  hour) 

after  deducting  })ower  used  for  excitation 

and  driving  auxiliaries     ..  ..  ..         1,370  1,440 

Average  lb.  steam  per  kw.  hour  net  output    No.  3  set,        No.  2  set, 

14.95  18.4 

Average  temperature  of  water  from  cooling 

tower  82  67 

Average  temperature   of   water  to   cooling 

tower 
Maximum  dry-bulb  temperature  of  air  C^  F.) 
Maximum  wet-bulb  temperature  of  air  ('  F.) 
Excitation  amjierage 

voltage 

Boiler  evaporation     II).  of  water  [)er  lb.  of 

<-oal,    at    150    II).    pr<'ssiir*'    and    500      K. 

superheat 

■Teinf)eraturc    of    condensed    steam     from 

kinetic  tank  (^  F.)  Ill  03 
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Temperature  of  feed  water  to  boilers  (^  F.) 
Average    temperature    of    en«T[ine-room    air 

r  F.)  ■■         •■         ■■         ■■         •• 

Temperature   of  air  to  alternators  (^  F.) — 

from 
AVater    circulated    throu^ih    condenser    (in 

gallons  per  hour)    .  . 
Ma.ximum  induced  draught  at  fan  (in  inches 

of  water) 
^laximum  draught  over  fires  in  boilers   . . 

Power-Plant  Dlmensions. 
Length  of  building 
Hrf'adth  of  building 
Height  of  floor  above  basenuMit 
Height  to  traveller  runaway  from  floor 
Height  to  wall-plate  from  floor 
Height  of  ba.sement  to  roof  ridge 
Total  weight  of  3rXX)-kw.  set  and  exciter 
Total   weight   of  condenser  and   auxiliaries  for 

same 
Total  fooling  surface  of  each  condenser 
Total  steam  requirements  of  turbo-alternatf>rs 

at  3000  kw 45,000  lb.  per  hour. 

Treatment  Plam. 

During  the  construction  of  the  new  power-plant,  and  three  months 
afttT  the  start  of  the  strike  in  .May,  IHPJ,  a  disastrous  fire  occurred, 
which  destroyed  the  whole  of  the  No.  1  shaft  po]tp«'t  frame,  the  crude- 
ore  bins,  and  intervening  brace,  and  the  whole  of  the  ore-breaking 
section  and  mill  bins. 

Damage  was  also  done  to  portion  of  the  roll-crushini;  and  jig 
sections. 

The  origin  of  the  fire  was  und<»ul)tedlv  incendiaris!ii,  ami  had  it 
be«'n  of  other  origin  the  fire-fighting  t»rganization  shouhl  have  ex- 
tinguished it,  notwithstanding  that  the  structures  supporting  the 
bins  and  breakers  was  of  lU-in.  x  10-in.  oregon,  pitched  about  4 -ft. 
centres. 
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Having  decided  that  it  was  inadvisable  to  reconstruct  the 
plant  entirely  to  the  old  timber  design,  a  new  design,  utilizing 
reinforced  concrete  and  steel  for  the  support  of  the  bins  and  ore- 
breakers,  was  drawn  up.  The  design  adopted  had  the  features 
described  herein  : — 

Reinforced  Concrete  Structure. — The  detailed  design  of  reinforce- 
ment and  walling  was  prepared  by  Mr.  E.  G.  Stone  in  accordance 
with  our  general  design,  and  the  execution  of  the  work  was  supervised 
bv  him  through  one  of  his  foremen.  This  arrangement  gave  the 
advantage  of  satisfactory  execution  and  expeditious  completion  of 
the  work,  the  wliole  of  which  was  completed  in  29  w^eks. 

Xo.  1  Shaft  Poppet. — This  was  reconstructed  in  18-in.  x  18-in. 
Oregon  timber,  for  expedition,  so  that,  with  the  termination  of  the 
strike,  ore-hauling  might  be  resumed  as  early  as  possible. 

Ore-Breakers. — In  order  that  the  ore  hauled  might  be  treated  during 
the  reconstruction  of  the  ore-bins,  ore-breakers,  mill-bins,  crushers 
and  jigs,  a  temporary  crushing  station  was  erected,  so  that  the  crushed 
ore  could  be  railed  for  treatment  by  other  companies.  As  it  turned 
out,  the  reconstructed  bins  and  breakers  were  completed  before  hauling 
operations  were   resumed. 

The  lay-out  of  ore-breaker  station  provides  two  ore-breaking  units, 
each  comprising  one  crude  ore  bin  (for  receiving  the  ore  tippled  from 
the  trucks  by  a  gravity  tippler),  one  30-in.  x  18-in.  Hadfield  jaw- 
breaker, and  two  subsidiary  No.  5D  Gates  gyratory  breakers,  to 
break  the  ore  to  pass  a  IJ-in.  slot. 

Jaw-breakers,  as  usually  manufactured,  cannot  be  relied  upon 
to  run  without  considerable  stoppages,  due  to  heating  of  bearings. 
This  has  been  overcome  by  re-designing  the  bearings  and  fitting  this 
breaker  with  a  flood  lubrication  arrangement,  oil  savers,  oil  filter 
and  belt-driven  gf'ar  pump. 

A  similar  forced  lubrication  system  has  also  Ix'cn  installed  on  the 
gyratory  breakers.  The  capacity  of  each  ore-breaking  unit  is  about 
150  tons  per  hour,  the  ore  averaging  17  cub.  ft.  ])er  ton. 

The  crushed  or^'  dro[)S  into  bins  formed  in  the  reinforced  concrete 
structure  sup[)orting  the  breakers,  and  from  these  is  fed  on  to  an  18-in. 
troughed  crude-ore  conveyer  Hystem.  The  ore  is  rais<'(l  by  this 
system  to  a  sampling  plant,  where  1  %  of  the  total  (low  of  ore  is  cut 
out  every  70  seconds. 
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The  remaining  99  %  is  raised  to  four  crushed-ore  bins  feeding  the 
four  roll  crushers.  These  bins,  like  the  crude-ore  bins,  are  of  timber, 
Ijut  are  supported  on  steel  structures  standing  on  a  reinforced  concrete 
understructure. 

For  the  prevention  of  dust,  the  ore  is  watered  underground, 
and  the  manganese  wearing  plates  of  the  jaw-breaker  are  kept 
wet  with  water  jets.  In  order  to  throw  down  the  dust  that 
is  formed  as  the  ore  passes  through  the  jaw-breaker,  atomized 
water  sprays  are  ])layed  on  to  the  falling  stream  of  ore  discharged 
by  the  breaker. 

The  addition  of  water  to  the  ore,  however,  increases  its  rilling  angle, 
and  the  majority  of  gyratory  breakers  call  for  some  modification  to 
avoid  the  ore  hanging  up  in  the  breaker,  thus  causing  breakage  of 
shafts,  etc.,  and  cau.sing  fine  ore  to  get  into  the  driving  gear. 

Ore  Storaffc. — Damp,  crushed  ore  in  bins  or  in  storage  piles  is  liable 
to  set  if  left  undisturbed  for  a  week.  In  addition  to  the  crude  and 
(rushed  ore-bins  already  referred  to,  storage  bins  are  ])rovided  in 
the  reinforced  concrete  structure  under  the  4  mill  bins  feeding  the 
roll  crushers,  and  a  2000-ton  storage  pile  is  also  provided  behind  these 
bins,  and  all  are  filled  from  the  conveyer.  All  of  these  storages  are 
drawn  from,  as  required,  by  the  same  conveyer  system  that  conveys 
the  ore  to  the  storages  or  mill  bins. 

Roll  Crushers. — This  section  is  the  same  as  was  installed  when  the 
mill  was  built  in  1908,  and  comprises  4  units,  each  having  a  capacity 
of  200^)  tons  i)er  week.     Each  unit  includes  : — 
1  roll  feeder,  for  supplying  the  shaker. 

1  perforated  shaker,  for  washing  out  the  1  mm.  ore  and  feeding 
the  oversize  to  the  rolls. 

1  set  36-in.  x  18-in.  crushing  rolls,  with  1  flanged  and  1  plain 

roll,  and  the  usual  back  gears  to  cause  both  rolls  to  rotate 
together. 

2  48-in.   X  24-in.    diam.   4-mm.    trommels,   for   separating   the 

oversize  from  the  undersize. 

1   Raflf  elevator,  for  returning  the  oversize  to  the  rolls. 

Ji'fs.     Tlie  jigs  are  May's  duplex,  built  as  one  unit  and  running  in 

jiarallcl,    and    treat   the   undersize   ore   from   the   trommels,    which     is 

elevated  and  pas.sed  through  a  drag  cla.ssitier  l)efore  being  fed  to  the 

jig.     Each  jig  has  3  liutches,  and  is  fitted  witii  1-mm.  punched  steel- 

L 
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plate  sieves,  which  are  bedded  with  l|-in.  of  ragging.  This  ragging 
is  made  by  shearing  5-16-in.  round  rod  into  lengths  about  J  in.  or 
5-16  in.  long. 

The  first  hutch  produces  lead  concentrates,  which  are  drawn  oft' 
through  the  bed  of  ragging  into  the  inverted,  pyramidal  hutch  under- 
neath, and  which  has  a  continuous  discharge.  The  second  hutch  is 
used  as  a  safety  margin  and  feed  equalizer,  and  the  middlings  product 
produced  is  returned  to  the  jig. 

The  third  hutch  has  no  screen,  and  simply  discharges  the  tailings 
to  the  re-grinding  section. 

Re-grinding  Section. — All  re-grinding  used  to  be  done  by  grinding 
pans,  and  2  of  the  4  crushing  sections  are  still  so  fitted.  The  i)roducts 
of  the  })ans  are  treated  on  tables,  the  slime  portion  being  treated  in 
the  slime-flotation  section.  The  remaining  2  sections  have  each 
been  fitted  with  one  No.  64^  Marcy  mill,  with  a  view  to  improving 
the  grinding  and  making  the  ground  product  more  suitable  for  table 
and  flotation  treatment  for  the  recovery  of  lead  and  zinc  concentrates. 
The.se  two  sections  have  not  yet  been  completed. 

Plant  Illustrations  and  Dlagrams. 

Fitr.  1. — Steam   j)ressure  recorder  chart. 
Plate       I. — Steam   main  insulation. 
.,         II. — New  power-house. 

„       HI-  „ 

IV.— 3fX)0-kw.  alternators. 
,,  V. — General  view  of  power-house. 

VI.,  Fig  1.   -Control  board. 
,,       VI.,  Fig  2.     50(XJ  cub.  ft.  compressor. 
,,     VII. — Cooling  tower,  exterior. 
.,  VIII.,  Fig.  1.-  Cooling  tower,  interior. 
,,     N'lII..  Fig.  2.-  Marcy  mill  section. 

IX.     Old  bin  structure  ))urned  down. 
,,         X.—  New  reinforced  concrete  structure. 

The  engineering  works  covered  by  the  above  paper  are  mainly 
ti.e  design  of  J.  C.  Cunningham,  whih;  F.  J.  Mars  is  responsible  for 
the  selection,  de.sign  and  ct'^cUou  of  the  (dectrical  eriuipment. 
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Fig.  1. 
Control   Board. 


Fig.  2. 
5000  cub.  ft.  Compressor. 
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Plate  VIII. 


Fig.  1. 
Cooling  Tower— Interior. 


Fig.  -2. 
Marcy  Mill  Section. 


Plate  IX. 


WAINWRIGHT  &  CUNNINGHAM— 

On  New  Plant  at  South  Mine,  Broken  Hill. 


Proc.  Aus.  I.M.M. 
No.  43. 


Proc.  Aus.  I.M.M.  WAINWRIGHT  &  CUNNINGHAM- 

No.  43.  On  New  Plant  at  South  Mine,  Broken  Hill. 


Plate  X. 


Proceedings  Aus.  I.M.M.  (Inc.)]  [N.  S.,  No.  43,  1921 


MECHANICAL  METHODS   OF  ALLAYING  DUST. 

By  p.  H.  Warren. 

{Discussion  continued  22nd  and  23rd  August,  192L) 

Mr.  F.  Danvers  Power  said  he  was  under  the  disadvantage  of 
never  having  had  an  opportunity  of  seeing  the  CUfton  dust-allaying 
apparatus  at  work.  He  could  therefore  only  form  opinions  from  the 
experience  of  others,  and  it  was  always  unsatisfactory  to  look  at 
things  through  other  people's  glasses,  w^hich  might  happen  to  be 
coloured.  Still,  the  opinions  of  those  who  had  experience  must  be 
given  due  respect,  for  in  coming  to  conclusions  they  had  secured 
much  evidence,  often  of  a  negative  nature,  which  was  not  published, 
for,  if  placed  on  record,  it  would  go  far  to  scare  others  from  studying 
the  subject  on  account  of  the  mass  of  matter  to  be  gone  through, 
and  on  that  account  the  amount  of  good  such  researches  might  do 
would  be  limited.  The  subject  under  discussion  had  to  be  approached 
from  so  many  different  directions  that  they  really  required  the 
services  of  specialists  on  such  subjects  as  chemistry,  physics,  mechanics, 
pathology,  and  even  psychology.  It  was  not.  however,  within  the 
scope  of  any  one  of  these  to  form  general  conclusions,  but  rather  for 
the  mining  engineer,  whose  varied  experience  placed  him  in  a  better 
position  to  judge.  It  was  generally  conceded  that  the  injury  to  the 
lungs  was  brought  about  by  minute  (less  than  5  microns  in  diameter) 
particles  and  certain  minerals  with  sharp  edges,  that  which  mostly 
concerned  the  miner  being  quartz.  The  result  was  pneumoconiosis 
in  one  form  or  another  ;  in  the  case  of  the  quartz  miner  it  was  silicosis. 
The  injury  to  the  lungs  made  the  victim  liable  to  lung  complaints, 
such  as  pneumonia  and  phthisis.  Miners  suffering  from  the  latter 
were  liable  to  spread  the  disease  about  to  those  who  were  ripe  to 
contract  it  more  readily  in  underground  workings  than  at  the  surface, 
where  there  was  a  better  circulation  of  air.  Men  who  had  contracted 
phthisis  should  not  be  allowed  to  work  underground,  for  their  own 
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sakes,  as  well  as  for  the  sakes  of  their  companions.  Any  mining 
where  blasting  was  necessary  must  produce  dust  unless  the  rock 
was  saturated  with  water.  They  could  not  prevent  the  dust ;  the 
best  they  could  do  was  to  control  it.  Some  dusts  appeared  to  do 
little  or  no  harm  to  the  miner.  If  coarse,  it  fell  quickly  to  the  ground  ; 
if  finer  it  might  be  caught,  as  Nature  intended  it  should  be,  if  men 
breathed  through  their  noses,  but  unfortunately  most  miners  were 
mouth  breathers.  The  very  finest  dust  found  its  way  into  the  lungs, 
from  which  certain  dusts  were  rapidly  removed  by  short-lived  cells, 
with  which  they  become  entangled.  The  sharp,  jagged  particles  of 
quartz  worked  their  way  between  the  cells,  causing  inflammatio-n, 
which  in  turn  produced  fibrous  tissue,  and  that  ultimately  enclosed 
the  particles,  retaining  them  in  the  lung.  It  would  seem  that  if  the 
harmful  dust  were  diluted  with  dust  which  was  rapidly  removed 
the  latter  helped  to  get  rid  of  the  former  before  it  could  do  any  harm. 
Coal  miners  and  drovers,  who  must,  in  following  their  vocations, 
breathe  in  large  quantities  of  dust,  were  not  affected  in  the  same  way 
as  quartz  miners.  He  was  not  aware  that,  so  far  as  Broken  Hill  was 
concerned,  it  had  been  conclusively  proved  the  miners  had  contracted 
silicosis  there.  A  man  may  contract  phthisis  without  necessarily 
having  silicosis  first ;  or  his  past  history  might  show  that  he  had 
worked  in  quartz  mines  elsewhere  before  going  to  Broken  Hill.  They 
had  heard  a  good  deal  about  counts,  and  the  comparison  of  results 
with  the  konimeter  and  gravimetric  methods  of  determining  the 
amount  of  dust  present.  It  seemed  to  him  that  neither  was  right 
as  at  present  used,  especially  the  gravimetric  method,  which  did  not 
allow  for  the  size  of  the  particle  unless  a  fair  length  of  time  was 
allowed  for  settling.  What  was  wanted  was  not  the  number  of 
particles  of  dust,  but  the  number  of  particles  of  injurious  dust.  If 
there  were  a  large  number  of  harmless  particles,  they  may  be  an 
advantage.  These  counts  were  only  relative,  and  all  the  particles 
did  not  remain  behind  in  the  lungs  when  once  they  reached  there, 
neither  did  all  the  air  in  the  workings  necessarily  pass  through  the 
lungs  of  the  men.  The  method  of  sampling  also  seemed  unsatis- 
factory unless  a  very  large  number  of  samples  were  taken  over  a 
lengthy  period,  and,  after  all,  the  sample  was  a  very  small  proportion 
of  the  whole.  One  had  not  tlie  advantage  of  sight  to  assist  him  in 
determining  whether  the  sample  was  a  fair  one  as  when  dealing  with 
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ore.  They  must  look  upon  it  as  sampling  a  fluid.  The  friction  of 
the  air  against  the  walls  of  the  workings  would  retard  its  progress 
and  help  to  settle  any  dust  ;  air-currents  would  tend  to  keep  the 
particles  in  suspension  ;  exhaust  air  from  drills  would  dilute  the 
particles  in  a  given  volume.  In  fact,  it  seemed  almost  impossible  to 
obtain  anvthing  but  the  crudest  sample.  The  number  and  weight 
of  the  particles  would  also  depend  on  how  soon  after  the  dust  was 
made  that  the  sample  was  taken,  and  whether  it  was  secured  near 
its  source  or  some  distance  from  it.  Atomizers  might  wet  ])articles 
and  cause  them  to  sink  quicker  than  if  they  were  dry  ;  but,  so  long  as 
there  was  any  fog,  particles  remained  in  suspension,  and  they  were 
just  as  harmful  wet  as  dry.  Although  the  minute  sharp  particles 
of  quartz  might  be  the  direct  cause  of  injury  to  a  miner's  lung,  there 
were  also  other  things  to  be  considered  as  affecting  the  health  of  the 
miners,  such  as  excessive  temperature  and  humidity.  An  over- 
heated man  reaching  the  cold  air  of  the  surface  in  winter  or  at  night 
was  verv  liable  to  catch  cold,  and  if  his  clothes  are  saturated  with 
perspiration  because  the  underground  air  already  had  100  per  cent, 
moisture,  he  was  still  more  likely  to  get  chilled.  At  some  mines  in 
America  and  Europe,  where  the  climate  was  inclement,  there  were 
covered  gangways  between  the  shaft  and  the  change  room.  The 
miner's  attitude  of  mind  must  also  be  taken  into  consideration.  He 
was  apt  to  think  more  of  his  present  feelings  than  of  more  important 
health  matters  which  would  affect  him  in  the  future,  and  which  were 
not  so  obvious  to  him.  Also,  he  would  often  take  unnecessary  risks, 
and  neglect  to  use  or  take  care  of  appliances  that  had  been  provided 
for  his  welfare,  either  because  he  was  indifferent  or  thought  it  was 
some  fad  of  the  "  boss,"  or  possibly  thought  the  "  boss  "  was  trying 
to  get  at  him.  It  was  no  use  introducing  a  rule  or  appliance  unless 
its  use  was  enforced. 

Mr.  C.  H.  J.  Clayton  said  the  konimeter  gave  fair  average  samples. 
He  asked,  Was  the  atomizer  any  use  ?  Would  the  dust  rise  again 
later  after  the  atomizer  had  been  removed  to  some  other  place  ?  In 
a  medical  way  they  were  in  the  dark.  Ninety  per  cent,  of  the  men 
examined  by  a  special  commission  were  judged  to  be  suffering  from 
silicosis.  Of  this  number,  34,  according  to  report,  contracted  the 
disease  in  Broken  Hill.  The  remaining  cases  were  contracted  in 
sewers  or  mines  in  other  States.     Regarding  the  second  stage  of  the 
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ailment,  44  men  were  found  to  be  suffering,  and  only  8  of  them 
contracted  the  disease  in  Broken  Hill.  In  the  first  stage  most  of 
the  cases  concerned  workers  of  very  advanced  age. 

Mr.  Danvers  Power  :  How  could  one  distinguish  between  a 
Broken  Hill  and  a  South  African  case  ? 

Mr.  Clayton  said  they  did  not  quite  know  whether  it  was  possible 
for  that  to  be  done.  Regarding  lung  diseases,  he  suggested  that  the 
shape  of  the  quartz  particles  caused  them  to  be  retained  in  the  lungs. 

Mr.  G.  C.  Klug  said  there  was  a  marked  distinction  between  a 
Broken  Hill  lung  and  a  silicosis  lung,  as  had  been  proved  by  radio- 
graph photography.  According  to  the  report  of  the  Commissioner, 
the  damage  done  to  the  Broken  Hill  miner  was  nothing  like  that 
done  to  the  quartz  miner  working  in  the  Transvaal.  By  paying 
close  attention  to  the  allaying  of  dust,  much  progress  had  been  made 
lately  in  South  Africa. 

Mr.  J.  M.  Bridge  said  members  of  the  Institute  were  greatly 
indebted  to  Mr.  Warren  for  his  paper,  and  to  the  members  of  the 
Broken  Hill  Branch  who  had  contributed  so  largely  to  the  discussion. 
The  discussion  had  not  been  confined  to  the  subject-matter  of  the 
paper,  but  had  embraced  allied  subjects  and  the  health  of  under- 
ground workers.  Men  of  all  occupations  were  prone  to  ascribe  the 
adverse  state  of  their  health  to  "their  occupation,  and  preferred,  as  a 
remedy,  the  improvement  of  their  own  conditions  by  working  less 
hours  for  more  pay  rather  than  the  improvement  of  the  working 
conditions  by  eliminating  the  causes  of  ill-health.  Mining  engineers 
took  the  opposite  view,  and  aimed  at  so  improving  the  underground 
conditions  that  they  would  be  equal  to  those  enjoyed  by  surface 
workers.  Quartz  dust  in  mine  air  had  for  years  been  recognized  as 
being  injurious  to  health,  and  in  South  Africa,  where  the  results  of  the 
inhalation  of  this  dust  were  most  marked  and  extensive,  commendable 
efforts  have  been  made  to  cope  with  the  evil.  Up  to  the  present  the 
investigators  at  Broken  Hill  had  wisely  made  use  of  the  work  done  in 
South  Africa,  and  had  used  the  same  preventive  and  recording  apparatus. 
Members  who  had  not  investigated  the  determination  of  dust-particles 
present  in  underground  air  were  apt  to  erroneously  conclude  that  the 
air  in  their  mine  was  free  from  dust.  The  dust  that  one  could  see  was 
mainly  over  5  microns,  and  innocuous  ;  but  air  which  appeared  to  the 
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eye  to  be  as  clear  and  free  from  dust  as  on  the  surface  might  contain 
the  injurious  (under  5  micron)  dust  in  injurious  quantities.  The 
value  of  the  konimeter  for  determining  the  dust-particles  in  the  air 
had  been  questioned,  but,  so  long  as  its  limitations  were  recognized, 
it  was  of  undoubted  value.  One  might  just  as  well  discard  the 
barometer  as  a  guide  to  weather  conditions,  because  it  did  not 
infallibly  indicate  that  rain  would  or  w^ould  not  fall,  as  throw  aside 
the  konimeter  before  some  better  apparatus  was  developed.  The 
konimeter  was  a  handy,  easily-manipulated  instrument,  which  was 
capable  of  expeditiously  giving  roughly  quantitative  comparisons  of 
the  dust  in  mine  air,  and,  as  such,  was  a  valuable  addition  to  the 
equipment  of  the  mining  engineer.  One  good  result  of  the  Broken 
Hill  investigations  had  been  the  develo^^ment  of  the  Clifton  apparatus, 
which,  although  it  could  not  be  successfully  employed  in  all  classes  of 
work,  had  a  distinct  sphere  of  usefulness,  especially  when  used  with 
a  popper.  The  results  given  by  Mr.  Warren  proved  that  the  dust 
from  boring  could  be  efficiently  allayed  by  using  axial  water-feed 
drills,  outside  water-jets,  or  the  Clifton  apparatus,  and,  as  those  three 
methods  differed  widely  in  their  application,  each  had  probably  a 
sphere  in  which  it  was  superior  to  either  of  the  others.  The  dust 
from  shovelling  could  be  eliminated  by  the  use  of  the  water-hose  to 
wet  down  the  rock  pile.  Mr.  Warren's  paper  had  caused  a  lively 
discussion  on  the  suppression  of  dust  from  blasting.  There  appeared 
to  be  a  general  agreement,  in  which  he  (the  speaker)  concurred,  that 
the  water-blast  was  advantageous  in  development  work,  confined 
spaces,  and  dead-ends,  but  its  value  in  large  stopes  had  been  strongly 
disputed.  It  w^as  well  to  bear  in  mind  that  the  large  stopes  of  Broken 
Hill  were  the  exception  and  not  the  rule,  and  that  dust  suppression 
applied  to  all  mines  and  in  the  aggregate  to  small  stopes.  Air- 
currents,  sufficient  to  quickly  clear  the  workings  of  dust  and  noxious 
gases,  were  certainly  desirable,  but  in  large  stopes  the  velocity  of  the 
current  was  decreased,  eddy  currents  were  formed,  and  considerable 
diffusion  took  place.  The  combination  of  these  factors  increased  the 
difficulty  of  ventilating  the  large  stopes,  and  consequently  of  effecting 
the  removal  of  the  dust  by  the  ventilating  current.  Adequate 
ventilation  was  necessary  for  reasons  other  than  dust  removal,  while 
the  water-blast  aimed  solely  at  allaying  the  dust  in  the  vicinity 
"where  it  was  produced,  and  preventing  its  circulation  and  diffusion 
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throughout  the  workings  in  the  air-current.  The  water-blast  might 
be  inefficient  in  allaying  dust  in  some  stopes  ;  it  might  unduly  increase 
the  humidity  in  others  ;  but  there  were  places  where  it  would  effectively 
lay  the  dust  without  unduly  increasing  the  humidity.  It  rested  with 
the  engineer  to  adopt  the  water-blast  where  it  was  suitable,  and  to 
avoid  doing  so  where  it  was  not  suitable.  Mine  air  without  high 
temperature,  humidity,  and  dust  contents  was  what  was  required,  and 
any  attempt  to  lay  down  hard  and  fast  methods  of  achieving  the 
desired  result  was  to  be  avoided,  as  it  would  block  progress  and 
adversely  affect  some  section  of  the  mining  industry  in  which  local 
conditions  varied  so  widely. 
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CONCENTRATING  PRACTICE  OF  THE  BROKEN  HILL  SOUTH 
LIMITED,  BROKEN  HILL,  NEW  SOUTH  WALES,  AUS- 
TRALIA. 

By  W.  E.  Wainwright  and  T.  A.  Read. 

Part  I. 
THE  CONCENTRATING  PLANT. 


General. 
The  Broken  Hill  South  Ltd.  is  one  of  ten  companies  operating  on 


Fig.  1. 
Pr.AX  OK  Broken  Hill  Lkases  Showing  Course  of  Lode. 

the  Broken  Hill  lode  (See  Fig.  1).     It  has  two  leases — Blocks  7  and 
8 — of  a  total  length  of  2250  ft.  on  strike  of  lode. 
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From  the  surface  to  425-ft.  level  the  ore  was  found  principally  in 
the  form  of  carbonates  and  high-grade  friable  sulphides.  Below  the 
425-ft.  level  the  ore  is  found  in  the  form  of  compact  sulphides. 

The  ore-bodies  found  in  the  South  mine  may  be  broadly  divided 
into  two  classes — 

(1)  Silicious.  (2)  Calcitic. 

The  following  are  typical  analyses  of  these  ore-bodies  : — 


— 

Silicious. 

Calcitic. 

% 

o/ 

Insoluble  (Silica,  &c.)     . 

37.71 

30.12 

Lead  (Pb) 

15.50 

13.40 

Copper  (Cu) 

.10 

.20 

Arsenic  (As) 

.18 

.43 

Antimony  (Sb) 

.03 

.06 

Iron  (Fe) 

4.90 

3.03 

Alumina  (AlgOg) 

2.40 

1.25 

Manganese  (Mn)    . . 

2.47 

1.70 

Lime  (CaO) 

4.00 

15.70 

Zinc  (Zn)    . . 

17.00 

12.60 

Sulphur  (S) 

13.80 

9.70 

Carbon  dioxide  (COg) 

1.30 

11.60 

Fluorine  (F) 

.24 
99.63 

.078 

99.868 

Silver,  oz.  per  ton 

• 

• 

11.7 

3.2 

The  insoluble    portion  in  the    above    analyses  has  the  following 
Composition  : — 


— 

0/ 

/o 

/o 

Silica  (SiOg)        

67.6 

56.0 

Ferrous  oxide  (FeO) 

4.6 

6.6 

Alumina  (AlgOg) 

4.6 

3.5 

Manganous  oxide  (MnO) 

19.5 

17.7 

Lime  (CaO)         

3.0 

13.3 

Magnesia  (MgO) 

.9 

2.5 

100.2 

99.6 

The  principal  minerals  occurring  in  the  ore-bodies  are  : — 
Galena.  Blende.  Pyrite. 

Pyrrhotite.  Arsenopyrite.  Chalcopyrite. 

Calcite.  Fluorspar.  Garnets. 

Ehodonite.  Quartz.  Feldspar. 
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It  will  be  noted  that  the  calcitic  ore-body  is  considerably  lower  in 
zinc,  silica,  and  iron,  and  much  higher  in  lime  than  the  silicious 
portion.  The  mines  operating  on  the  northern  {i.e.,  North  Broken 
Hill  Co.)  and  southern  end  of  the  line  of  lode  (Broken  Hill  South  and 
Zinc  Corporation)  have  that  class  of  ore  in  which  the  calcite  content 
is  high  compared  with  the  ore  in  those  mines  working  on  the  central 
portions  of  the  line  of  lode. 

This  difference  in  the  mineral  contents,  which  also  means  a  difference 
in  the  physical  character  of  the  ore,  accounts  for  the  slight  variation 
in  the  system  of  concentration  practised  in  the  different  plants  on 
the  field.  This  remark  applies  more  particularly  when  the  by-products 
from  the  lead  concentrating  mills  are  to  be  treated  subsequently  by 
the  flotation  process.  The  calcitic  ores  require  a  much  larger  pro- 
portion of  sulphuric  acid  to  recover  the  blende. 

Historical. 

The  South  mine  started  developmental  operations  in  the  year 
1885,  mining  oxidized  ores,  the  tonnage  extracted  being  sold  to 
neighbouring  companies  who  were  operating  lead  smelters. 

In  1888  a  few  experiments  were  made  in  a  small  way  with  a  Cornish 
hand-jigger.  In  1891  three  80-ton  blast-furnaces  were  erected  on 
the  mine  to  smelt  the  oxidized  ores.  At  the  end  of  two  years  the 
supply  of  oxidized  ore  of  sufficiently  high  grade  to  make  it  payable 
was  exhausted,  and  the  smelters  closed  down.  Developmental  work 
was  continued  at  the  mine,  and  in  1894:  the  first  lead-concentrating 
plant  was  erected  to  treat  the  friable  sulphides  opened  up  in  the 
upper  levels. 

This  plant  consisted  of  a  Blake -Marsden  rock-breaker,  with  12-in. 
X  7-in.  jaws,  one  pair  of  Cornish  rolls  27  in.  diam.  with  15-in.  face, 
followed  by  trommels.  The  undersize  from  the  trommels  passed  to 
a  small  hydraulic  classifier,  while  the  trommel  oversize  was  sent  to 
a  ll-ft.  raff  w^heel,  and  returned  to  the  rolls  for  re-crushing.  The 
trommel  undersize,  which  was  fed  to  the  classifier,  was  separated  into 
two  products.  The  coarse  material  from  the  classifier  was  fed  to 
Hancock    jigs,  while  the  slime  overflow  was    sent  to  storage  dam. 

The  average  feed  to  this  mill  assayed 

36  %  Pb,  5  oz.  Ag,  18.5  %  Zn, 

A   2 
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and  the  concentrate  produced  by  the  jig  assayed 
71  %  Pb,  9.2  oz.  Ag,  6.7  %  Zn. 

Early  in  1895  two  additional  Hancock  jigs  were  put  into  position^ 
making  a  total  of  four.  A  20-ft.  diam.  Cornish  buddle  was  installed 
for  experimental  work  on  the  slime  overflow  from  the  classifier  ; 
later  in  the  year  three  more  buddies  were  put  into  commission  treating 
this  slime,  the  slime  being  classified  into  coarse  and  fine,  and  treated 
separately  on  the  buddies. 

In  1896  a  large  Cornish  crusher  with  15-in.  x  9-in.  jaws  was  added 
to  the  plant,  and  in  1897  an  additional  six  buddies,  three  slime  tanks, 
and  accessory  plant  for  conveying  the  slime  from  the  tanks  to  the 
huddling  plant  were  put  into  commission.  In  1899  the  crushing 
plant  was  re-arranged,  and  connected  to  the  ore  bins  ;  the  smaller 
(12-in.  X  7-in.)  jaw-crusher  was  replaced  by  one  having  15-in.  x  9-in. 
jaws.  In  1900  five  Wilfley  tables  for  treating  the  coarser  portion  of 
the  slime  tailing  replaced  the  buddies,  and  an  experimental  May 
Bros.'  plunger  jig  was  installed  for  re-jigging  old  tailing.  In  1901 
two  Xo.  5  Gates  gyratory  breakers  replaced  the  jaw-crushers,  and 
also  a  third  set  of  33-in.  x  15-in.  rolls  was  added.  In  the  same  year 
a  re-grinding  plant,  consisting  of  eight  Heberle  disc  grinders,  was 
installed,  and,  to  take  care  of  the  larger  quantity  of  fine  material, 
four  fine  May  plunger  jigs  and  seven  Wilfley  tables  were  added, 
making  12  tables  in  all ;  in  the  slime  section  six  Luhrig  vanners 
replaced  the  Cornish  buddies,  treating  the  fine  slime. 

With  these  additions  the  concentrating  plant  was  able  to  treat 
normally  3000  tons  of  crude  ore  per  week,  but  was  occasionally 
treating  up  to  4000  tons  per  week.  In  1903  a  six-compartment  May's 
Duplex  plunger  jig  was  installed  for  comparative  test  purposes  on 
the  jigging  of  crude  ore.  During  the  period  these  milling  operations 
were  in  progress  the  developmental  work  at  the  mine  revealed  very 
extensive  ore-bodies,  and  by  December  30,  1904,  the  mine  ore  reserves 
were  1,300,000  tons. 

W^ith  the  larger  ore  reserves,  the  management  decided  that  an 
increased  output  from  the  mine  was  possible,  but,  as  the  concentrating 
mill  had  been  built  on  the  top  of  the  lode,  and,  owing  to  the  various 
alterations  and  additions,  had  become  too  congested  to  permit  of 
further  extension,  it  was  decided  to  investigate  the  proposition  of 
building  a   new   concentrating  mill.     In  the  meantime  experiments 
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•were  continued  to  determine  the  most  suitable  machinery  for  incor- 
poration in  the  new  plant. 

At  this  old  plant,  in  1905,  two  Krupp  ball  mills  for  fine  grinding 
replaced  the  Heberle  mills.  These  Krupp  ball  mills,  after  a  long 
series  of  tests,  were  superseded  in  1906  by  11  Forwood  Down  grinding 
pans,  5  ft.  in  diam.  Grinding  pans  7  ft.  6  in.  diam,  and  a  5-ft. 
Middleton  Cobbe  grinding  pan  were  also  tested  out,  but  they  had 
nothing  to  recommend  them  over  the  5-ft.  diam.  Forwood  Down 
type.  Late  in  1906  a  Krupp  tube  mill  14  ft.  x  4  ft.  7|  in.  diam.  was 
-erected,  and  tested  against  the  grinding  pans.  It  was  found  that, 
from  a  concentrating  point  of  \'iew,  the  two  types  of  grinding  machines 
were  nearly  equal,  but  the  cost  of  crushing  by  the  tube  mill  was 
lower  than  by  the  grinding  pan.  For  full  details  of  this  test. see 
paper  Xo.  170,  published  in  the  Transactions  of  the  Australasian 
Institute  of  Mining  Engineers,  vol.  xiii. — "  Fine  Grinding,"  by  W.  E. 
Wainwright  and  W.  J.  M'Bride. 

In  1907  the  fine  jigs  were  replaced  by  Wilfley  tables,  making  a 
total  of  24.  These  tables  were  of  modified  design,  to  suit  local 
conditions.  After  careful  experimenting,  all  sHme  separators,  spitz- 
kastens,  and  fine  jigs  were  discarded.  The  three  coarse  jigs  (two 
Hancock  and  one  May  Bros.)  were  fed  with  an  unclassified  feed.  The 
jig  tailing  and  middling,  after  being  ground  in  12  Forwood  Down 
grinding  pans  and  the  tube  mill,  were  fed  without  classification  to  the 
24  Wilfley  tables.  The  slimy  overflow  from  the  Wilfley  tables, 
after  being  thickened,  was  fed  unclassified  to  12  Luhrig  vanners, 
better  results  being  obtained  than  from  the  former  imperfect 
classification. 

Raff  Wheels  and  Bucket  Elevator. — In  this  plant  the  raf!  wheels  were 
•driven  from  an  extension  of  the  roll  shaft.  This  arrangement  gave 
•considerable  trouble  with  the  roll  shaft  bearings  on  account  of  the 
spills  cutting  out  the  bearings.  Before  erecting  the  new  mill,  one  of  the 
raflt  wheels  in  the  old  mill  was  replaced  by  a  belt  and  bucket  elevator,  and 
it  was  found  to  give  much  better  results;  in  addition,  it  allowed  of  a 
better  design  of  trommel.  For  these  two  reasons  the  belt  and  bucket 
elevator  was  chosen  for  returning  the  rafi  to  the  rolls  in  the  new  mill. 

Experiments  had  advanced  sufficiently  by  the  end  of  1905  to 
enable  plans  to  be  prepared  for  the  erection  of  a  new  gravity  con- 
centrating mill  to  treat  6000  tons  of  crude  ore  per  week. 
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The  erection  of  this  new  plant  was  begun  in  1905,  and  completed 
and  placed  in  operation  on  the  20th  May,  1908. 

At  the  time  when  the  plant  was  designed,  the  "  jflotation  process  " 
was  in  its  infancy,  and  no  such  developments  as  the  "  preferential 
flotation  of  galena  "  from  mixed  minerals  was  known.  Hence  the 
general  design  of  the  crushing  and  re-grinding  section  of  the  plant 
was  directed  towards  crushing  fine  enough  to  liberate  the  galena 
from  blende  and  gangue,  and  to  produce  +^e  minimum  of  slime,  which 
at  that  time  could  not  be  concentrated,  and  was  run  out  into  slime 
dams  from  thickening  pits. 

Ore  Reserves  of  Mine. — At  the  end  of  1906  the  estimated  ore 
reserves  were  2,000,000  tons.  Developmental  work  has  since  been 
steadily  carried  out,  and  the  ore  reserves  are  now  estimated  at 
3,500,000  tons. 

Ore  Mined  and  Treated. — From  1885  to  1st  May,  1919,  the  crude 
ore  raised  and  treated  equalled  4,858,617  tons,  assaying  16.2  %  Pb, 
6.7  oz.  Ag,  13.7  %  Zn. 

The  concentrating  mills,  which  were  started  in  1894,  have  produced, 
to  date,  890,337  tons  of  lead  concentrate,  assaying  67.2  %  Pb, 
21.0  oz.  Ag,  7.5  %  Zn.  Prior  to  1894,  the  ores  were  treated  by  the 
smelters. 

2,535,000  has  been  distributed  in  dividends. 

New  Concentrating  Mill    in  1908. 

Figs.  2  and  3  show  the  plan  and  elevation  of  the  mill. 
In  general  lay-out  it  was  divided  into  four  sections,  each  capable  of 
treating  250  tons  of  crude  ore  per  day  of  24  hours.  The  ore,  as  it 
reached  the  shaft  brace,  was  tipped  into  one  of  four  bins  ;  from  these 
bins  it  gravitated  either  to  one  of  three  No.  5  Gates  gyratory  breakers 
or  a  30-in.  x  18-in.  Hadfield  jaw-crusher.  Single-stage  crushing  was 
practised,  and  the  run  of  mine  ore  was  reduced  to  2-in.  gauge.  The 
crusher  discharged  direct  into  bins,  situated  immediately  below ; 
the  ore  was  then  drawn  from  these  bins  as  required,  and  elevated  to 
the  mill  crude-ore  bins  by  a  system  of  crossed  conveyor  belts,  18  in. 
wide.  Situated  at  the  throw-over  station  of  the  crossed  conveyor 
belts  was  the  sampling  plant,  which  will  be  described  separately. 

The  crushed  crude  ore  was  distributed  over  the  mill  crude-ore  bins, 
four  in  number,  by  an  auto-tripper,  which  could  be  run  over  any  mill 
bin.     The    roll-crushing,    jigging,    and    fine-grinding    portion    of    the 
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plant  was  divided  into  four  sections,  which  could  be  run  as  required, 
while  in  the  tabling  portion  of  the  plant  the  tables  were  divided  into 
four  sections,  with  one  elevator  system  supplying  each  double  section. 


GENERAL    DESCRIPTION    OF    ORE    TREATMENT    PER    SECTION   IN    1908. 

The  ore  was  drawn  from  the  bin  by  a  roller  feeder  and  delivered 
on  to  a  shaker.  A  portion  of  the  shaker  bottom  was  made  of  4  mm. 
slotted  screen  ;  water  was  added  to  the  shaker,  which  washed  some 
of  the  undersize  through  the  screen,  to  later  on  join  the  trommel 
undersize.  The  oversize  passed  to  36-in.  x  18-in.  rolls,  and  the 
product  delivered  to  a  pair  of  revoMng  trommels,  fitted  with  3  mm. 
round-hole  screens. 

The  oversize  or  raffs  were  returned  to  the  rolls  by  an  elevator, 
whilst  the  undersize,  joined  by  the  shaker  undersize,  was  elevated 
and  delivered  over  a  sampling  machine,  and  then  to  a  duplex  three- 
compartment  May  Bros.  jig. 

Three  products  were  made  by  the  jig — 

Lead  concentrate,  delivered  to  storage  bins. 
Lead  middling,  returned  to  the  jig. 

Lead  tail,  which    gravitated    to    a    set  of    eight  5-ft.  diam. 
grinding  pans. 
The  whole  of  the  grinding  pan  discharge  was  elevated  and  dis- 
tributed over  14  Wilfley  tables  per  section,  which  made  five  products, 
as  follows  : — 

Lead  concentrate,  delivered  to  storage  bin. 

Lead-zinc   middling,  which  was  re-treated  on  two  additional 

tables. 
Zinc  tailing,  sent  out  to  storage  bins,  and  subsequently  dumped 
or  re-treatment,  and  later  sold  to  the  De  Bavay  Co.  for 
treatment. 
Quartz  tailing,  which  was  used  for  underground  filling. 
Slime  tailing,  which  flowed  to  V-shaped  thickeners,  and  were 
subsequently  treated  on  six  double-belt  Luhrig  vanners  per 
section,   where    a    further   small   quantity   of    lead   con- 
centrate  was   made. 
All  of  the  slime  was  collected  in  pits,  thickened,  and  elevated  to 
a  slime  dam. 
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The  separation  of  products  made  by  this  mill  during  the  first  twelve 
months  of  its  operations  was  as  follows  : — 

Table  I. 


Tonnage. 

/o 
Prop. 

ASSA.Y. 

Proportion. 

%Pb.0zAg.'O/^Zn. 

%  Pb. 

%  Ag. 

%Zn. 

Lead  con- 
centrate   . . 
Zinc  tail 
Quartz  tail    . . 
Slime  tail 

38,960 

70,189 

107,935 

32,722 

15.6 

28.1 
43.2 
13.1 

73.4 
4.0 
2.7 

13.3 

18.8 
3.4 
2.1 

5.8 

4.7 
18.7 
10.4 
12.2 

74.0 
7.2 
7.5 

11.3 

53.0 
17.3 
16.1 
13.6 

6.1 
43.5 
37.2 
13.2 

Crude  ore 

249,806 

100.0 

15.5 

5.5 

12.1 

100.0   100.0 

100.0 

At  this  period  of  the  company's  operations  the  whole  of  the  lead 
concentrate  was  sold  to  German  firms,  who  had  a  strong  preference 
for  high-grade  lead  concentrate.  To  enable  this  to  be  produced,  it 
became  necessary  to  eliminate  as  much  of  the  slime  as  possible  from 
the  feed  to  the  jig. 

Small  hydraulic  classifiers  were  first  tried,  with  only  partial  success  ; 
subsequently  these  were  replaced  by  a  pair  of  King  revolving  screens, 
fitted  with  30-mesh  cloth.  Only  the  oversize  from  the  screen  was 
delivered  to  the  jig,  while  the  undersize  passed  on  to  the  table  section. 

In  1909  the  South  Co.  entered  into  a  contract  with  the  De  Bavay 
Co.,  on  a  joint-profit  basis,  for  the  treatment  of  the  South  Co.'s  zinc 
tail.  It  therefore  became  necessary  tliat  as  much  as  possible  of  the 
zinc  content  of  the  crude  ore  should  be  delivered  to  the  De  Bavay 
Co.     To  enable  this  to  be  done,  finer  grinding  was  necessary. 

Experiments  carried  out  on  the  jig  tail  with  one  section  of  the 
re-grinding  plant,  grinding  in  closed  circuit,  with  16-mesh  revolving 
screens,  gave  a  product  comparatively  free  from  the  coarse  blende 
particles,  which  were  not  recoverable  by  flotation.  The  whole  plant 
was  subsequently  altered  to  this  system,  and  completed  by  the  end 
of  1909. 

The  milling  plant  ran  under  the  above  conditions  for  eighteen 
months,  with  the  following  result : — 
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Concentrating  Mill  looking  North  East,  1908. 
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Tumblers  over  Mill  Crude  Ore  Bins, 


Fig.  2. 
Conveyor  Belt  over  Mill  Crushed  Ore  Bins. 
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Table 

II. 

0/ 

Tonnage.     ^^^^ 

i 

Assay.                       Proportion'. 

%Pb.OzAg. 

%Zn.    %Pb.    %Ag.  jOoZn. 

Lead        con- 
centrate   ..!    73,428     15.3 
Zinc  tail        ..!  212,438  1  44.3 
Quartz  tail    ..!  130.715     27.3 
Slime             ..|    62,786  i  13.1 

71.7 
4.1 
2.3 

11.0 

21.0 
3.6 

1.8 
5.6 

5.3  1  73.7  53.3  6.5 
18.2  1  12.4     26.4     63.5 

8.3  ;  4.2  8.2  ,  18.0 
11.6       9.7     12.1      12.0 

Crude  ore      . .   479,367  [100.0  jl4.9     6.1 

12.7  llOO.O  jlOO.O  jlOO.O 

In  the  above  segregation  of  products  it  will  be  noticed  that  18  % 
■of  the  total  zinc  was  sent  out  in  the  quartz  tailing,  and  dumped  under- 
ground. 

Experiments  were  conducted  with  this  material  to  try  and  recover 
the  larger  proportion  of  the  zinc  by  mechanical  methods. 

To  add  the  quartz  tailing  to  the  zinc  tailing  would  have  the  effect 
of  lowering  the  grade  too  much,  and,  in  addition,  cause  a  very  much 
higher  acid  consumption  when  treated  by  flotation,  on  account  of 
its  high  calcite  content. 

Tests  on  a  commercial  scale  proved  that  by  screening  the  quartz 
tailing  on  a  revolving  screen  with  20-mesh  cloth,  and  tabling  the 
undersize  and  oversize  on  separate  tables,  the  greater  25ortion  of  the  zinc 
could  be  recovered  in  a  sufficiently  high  grade  j^roduct  suitable  for 
zinc  flotation  treatment  at  the  De  Bavay  works. 

As  the  Luhrig  vanners  were  recovering  very  little  lead  concentrate, 
and  tests  showed  that  by  combining  the  thickened  sUme  from  the 
V  thickeners  with  the  undersize  from  the  20-mesh  screens,  and  tabling 
the  mixed  slime  and  sand,  the  same  recovery  could  be  made,  the 
Luhrig  vanners  were  taken  out  and  replaced  by  tables  ;  these  alterations 
were  completed  in  1911. 

Only  minor  alterations  have  been  made  to  this  plant  since  that  date. 
In  1915  a  slime  flotation  })lant  was  erected, and  put  into  operation  in  1916. 

The  following  is  a  detailed  description  of  these  plants  as  at  j^resent 
•equipped. 

Gravity  Concentrating  Mill,  1918. 

Fig.  4  shows  the  flow-sheet  of  this  plant  as  it  was  arranged  at  the 
time  of  the  disastrous  fire  in  the  crushing  section  in  July,  1919. 
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The  accompanying  photographs  (Plates  I.  and  11.)  are  views  of 
the  completed  plant. 

Conveyance  of  Ore  from  Brace  to  Bins. — The  main  shaft  is  situated 
on  the  footwall  side  of  the  lode,  and  it  is  arranged  that  all  full  trucks 
enter  the  cages  from  the  western  side  of  the  shaft,  and  all  empties 
leave  the  cages  on  the  eastern  side  at  every  plat  underground.  On 
the  surface,  at  the  brace,  all  empties  enter  the  cages  from  the  western 
side,  and  all  full  trucks  leave  the  cages  on  the  eastern  side,  so  that 
the  passage  of  trucks  through  the  cages  is  always  in  the  one  direction 
— i.e.,  from  west  to  east. 

Trucks. — These  are  of  the  box  type,  with  roller  bearings.  They 
tare,  when  empty,  6  cwt.,  and  hold  approximately  20  cwt.  of  crude  ore. 
Weighing. — The  weighing  on  the  brace  is  done  by  hand,  in  presence 
of  a  check  weighman,  on  a  2-ton  Pooley  weighbridge.  The  weight 
of  ore  in  each  truck  is  credited  to  the  party  whose  ticket  is  attached 
thereto.     A  spare  bridge  is  kept  in  case  of  an  emergency. 

Trucking  Lines  on  the  Brace. — The  lines  are  fitted  with  small  railway- 
type  switches  to  direct  the  trucks  into  their  respective  tipplers.  Each 
return  switch  has  spring  points  to  automatically  direct  the  empties 
to  the  return  lines  on  coming  out  of  the  tippler. 

Ore  Inspection. — This  takes  place  between  the  weighbridge  and 
the  tippler.  A  special  employe  is  engaged  on  each  shift  to  have  any 
suspected  trucks  tipped  into  a  small  bin  between  the  weighbridge 
and  the  first  crude-ore  bin.  From  this  bin  the  suspected  ore  is  pulled 
on  to  a  tray.  The  mullock  is  thrown  down  a  chute  into  a  lower 
storage  bin,  and  then  trucked  to  a  dump,  while  the  ore  is  loaded  into 
a  truck,  weighed,  and  then  trucked  around  to  the  crushers. 

Tipplers. — These  are  of  the  rotary,  side-tipping  type.  The  prin- 
ciple is  utilized  of  having  the  centre  of  gravity  above  the  rolling  centre 
to  give  the  motion.  The  truck  can  only  run  into  the  tippler,  and 
not  right  through  it.  A  lever  with  hardwood  brake-block  is  used  to 
help  bring  the  tippler  quickly  to  rest,  and  a  hook  catch  prevents 
the  tippler  from  turning  over  whilst  being  loaded.  There  are  four 
of  these  tipplers,  one  over  each  crude-ore  bin. 

Crude-Ore  Storage  Bins. — These  are  four  in  number,  mth  a  total 
holding  capacity  of  800  tons.  The  bins  are  constructed  of  Oregon, 
lined  with  steel  plate,  and  protected  on  the  bottom  by  grid  bars^ 
and  have  sloped  bottoms.  A  grizzley  is  placed  in  each  bin  just  at 
the  door  opening,  forming  part  of  the  bottom  of  the  bin.  The  ore 
passes  over  the  grizzley  and    gravitates  into  the  crushing  machines. 
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Feed  to  Breakers. — The  feed  is  as  above  described.  Two  men  are 
attending  these  machines  per  shift  of  8  hours. 

Ore  BreaJcers. — These  consist  of  three  Gates  gyratory  breakers  and 
one  30-in.  x  18-in.  Xo.  5  type  D  Hadfield  jaw-crusher,  reducing  the 
ore  to  2-in.  gauge.  The  Gates  breakers  run  60  %  and  the  Hadfielda 
5  %  of  the  total  mill  time.  The  Hadfield  is  mostly  used  to  crush  the 
rocks  which  are  too  large  for  the  Gates.  All  wearing  parts  of  the 
breakers  have  been  sectionalized,  to  cheapen  cost  of  renewals.  The 
mantles  are  made  in  two  pieces,  and  the  concaves  are  bedded  in  zinc. 
The  company's  general  experience  with  the  Gates  breaker  is  that  the 
manganese  steel  mantles  will  crack  rather  than  wear  out  when  they 
are  run  on  with  zinc  and  subsequently  burnt  off.  The  later  gunlock 
mantle  is  gi\^ng  better  results. 

The  Xo.  5  Gates  are  run  at  390  r.p.m.,  and  require  30  h.p.  each. 
The  Hadfield  runs  at  250  r.p.m.,  is  driven  by  a  75  h.p.  motor, 
and  consumes  50  h.p. 

Crushed  Ore  Bins. — These  bins,  four  in  number,  are  situated  one 
under  each  breaker ;  they  are  constructed  of  Oregon,  have  flat 
bottoms,  and  are  lined  with  steel  plate.  They  have  a  total  capacity 
of  670  tons.  These  bins  receive  the  crushed  ore  from  the  breakers, 
and  the  fines  from  the  grizzlies. 

Conveyor  System. — The  crushed  crude  ore  is  transferred  from  the 
crushed-ore  bins  to  the  mill-ore  bins  by  a  crossed  conveyor.  Each 
conveyor  has  210  ft.  centres,  the  belt  is  18  in.  wide,  and  the  greater 
portion  of  the  belt  is  operating  at  an  angle  of  18°,  and  the  whole  system 
elevates  the  ore  38 J  ft. 

Conveyance  of  Crude  Ore. — From  a  rectangular  opening  in  the 
bottom  of  each  of  the  above  bins,  the  aperture  of  which  is  governed 
by  a  sliding  door,  the  ore  is  drawn  by  a  feeder  into  a  small  chute, 
mounted  on  a  carriage  running  on  rail>,  so  that  the  chute  can  be 
moved  from  one  bin  to  another.  The  bottom  of  the  chute  is  inclined 
in  the  direction  of  belt  travel ;  two  rubber-shod  side-extensions  help 
to  centre  the  ore  on  the  conveyor  belts,  and  prevent  it  from  rebounding 
from  the  belt. 

The  conveyor  belt  runs  horizontally  until  clear  of  the  bins,  when  it 
takes  an  upward  curve,  and  runs  at  an  angle  of  18"  until  it  delivers 
the  crude  ore  at  the  sampling  plant. 

The  sampling  plant  takes  a  ^^^  cut  out,  and  the  balance  of  the 
ore-stream  passes  through  a  chute  on  to  the  return  conveyor  belt. 


236 


W.  E.  WAINWRIGHT  AND  T.  A.  READ 


This  return  conveyor  runs  from  the  sampling  plant  to  the  mill  storage 
bins  at  an  angle  of  18°,  and  then  horizontally  for  the  lengths  of  the 
bins.  An  auto-tripper  serves  to  distribute  the  ore  as  necessary  into 
one  of  the  four  roll-feed  bins. 

Both  conveyor  belts  run  on  rollers  with  side  idlers,  and  troughed 
throughout,  except  the  horizontal  portion  of  the  top  or  second  belt. 
The  rollers  and  idlers  are  lubricated  with  grease  by  means  of  auto- 
compression  grease  cups.  The  following  are  the  particulars  of  the 
conveyor  belts  : — 


— 

Length  of 
centre. 

Width  of 
belt. 

Speed  in 
feet  per 
minute. 

H.P. 

Tons  per 
hour. 

Bottom  belt 
Top  belt 

ft. 
210 

210 

in. 

18 

18 

330 
400 

15 
15 

50 

Magnet. — A  magnet  is  situated  on  the  incline  of  the  bottom  belt 
to  remove  as  much  tramp  iron  as  possible. 

Roll  Feed  Bins. — These  are  four  in  number,  one  to  each  section, 
constructed  of  Oregon.     They  have  a  total  capacity  of  1100  tons,. 

Total  Crude  Ore  Storage,  2570  tons. 

Crude-Ore  Samfling. — At  this  mine  the  crude  ore  milled  is  sampled 
at  the  sampling  plant  prior  to  entering  the  crushed  crude-ore  bins. 
This  procedure  was  adopted  after  testing  out  the  sampling  mill 
against — 

1.  Hand-sampling  of   the  crude-ore  feed  from  the  crushed-ore 

bins  to  the  shaker  screen. 

2.  The  machine-sampling  of  the  trommel  undersize  from  the 

rolls  (at  the  time  the  second  hutch  of  the  jig  was  returned 
to  the  jig  elevator). 

3.  By  computing  the  value  of  the  crude  ore  from  the  various 

products  produced. 

1.  The  first  method — i.e.,  hand-sampHng  of  the  crude  ore — was 
found  to  give  erratic  results. 

2.  The  machine  sample  agreed  closely  with  the  crude-ore  sampling 
plant,  but  at  times  a  good  deal  of  trouble  was  experienced,  due  to  chips 
of  wood  getting  across  the  slots  on  the  cones  of  the  machines. 

3.  The  method  of  computing  the  crude  ore  from  the  products 
agreed  closaly  with  the  crude-ore  sampling  mill. 
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Crude-Ore  Sampling  Plant. — This  is  placed  at  the  discharge  end 
of  the  lower  crude-ore  conveyor  belt.  The  apparatus  first  used  is 
illustrated  in  Figs.  5,  6  and  7  ;  this  has  since  been  modified,  whereby 
the  deflecting  plate  of  the  sample  cutter  is  returned  to  its  normal 
position  by  a  spiral  spring  instead  of  depending  upon  the  second 
ailing  weight  to  do  so.  This  deflection  of  the  ore-stream  occurs  once 
every  70  seconds,  and  gives  approximately  l/200th  part  of  the  total 
crude  ore.  The  falHng  weight  is  swung  on  a  shaft,  and  is  raised  by 
a  pin  in  a  spur-wheel.  When  the  weight  has  reached  the  top  position 
t  topples  over,  and  in  doing  so  operates  the  deflection  plate. 

Tlie  sample  collected  in  the  sample  bin  during  the  24  hours  is  fed 
during  the  day  shift  through  an  11 -in.  x  7-in.  jaw-crusher,  reducing  it 
to  about  20  mm.  maximum  size.     The  crushed  ore  falls  through  a 

t-in   ':>ipe  and  over  a  Yezin  sampler,  which  takes  out  a-r^  cut,  giving 

,}.proximately-^^^  of  the  ore  milled. 

The  sample  from  the  Vezin  passes  to  a  2J-in.  x  6-in.  roll  jaw- 
-•rusher,  which  reduces  it  to  10  mm.  gauge.  This  material  is  emptied 
jn  to  the  sample  room  floor,  and  at  the  end  of  the  shift  is  cut  down 
by  a  Jones  riffle,  with  1-in.  spaces,  until  56  lb.  is  left. 

""he  56-lb.  sample  is  taken  to  the  assay  office,  where  it  is  prepared 
»x    assay.     All  rejects  from  the    sample    are    returned  to  the  top 
conveyor  belt  by  a  bucket  elevator. 

Ss:  _j— --.  .  ,,  _ 

Milling  Plant. 

The  lay-out  of  the  mill  i  in  four  sections,  each  capable  of  treating 
310  tons  crude  ore  per  day  of  24  hours. 

Each  section  is  identical  as  regards  flow  and  machinery,  except 
in  the  case  of  the  No.  1  section,  which  has  one  14-in.  x  4  ft.  7-J-  in. 
Krupp  tube  mill  replacing  five  grinding  pans.  The  following  descrip- 
tion gives  the  plant  equipment  for  a  single  section  only  : — 

Coarse  Crushing. — The  crude  ore  is  drawn  from  the  bin  through 
a  cast-iron  rack  and  pinion  door  by  a  roller  feeder  running  at 
1.8  r.p.m.,  and  falls  on  to  a  shaker,  where  water  is  added.  Portion 
of  the  shaker  bottom — 3  ft.  x  IJ  ft. — is  fitted  with  4  mm.  round-hole 
punched  plate.  The  shaker  is  set  at  an  angle  of  10°,  and  makes  162 
strokes  per  minute.  The  end  of  the  shaker  is  sectionalized  for  easy 
removal  when  roll  repairs  are  necessary. 
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The  fines  in  the  crushed  ore  as  it  flows  over  the  shaker  pass  through 
the  4  mm.  punched  plate  on  to  the  trommel  apron,  where  it  joins 
the  undersize  from  the  trommel,  and  is  subsequently  elevated  to 
the  jig  screens. 

The  oversize  from  the  shaker  is  fed  to  a  pair  of  rolls. 

The  sizing  of  the  ore  issuing  from  the  crushed  crude-ore  bins  is 
as  under : — 

Grading  Analyses  of  Crushed  Crude  Ore  Feed  to  Shaker. 


Mesh. 

Aperture 

of  screen. 

mm. 

o/ 

/O 

weight. 

Assay. 

Propoktion. 

%  Ph. 

Oz.  Ag. 

%  Zn. 

%pb. 

%Ag. 

%Zn. 

19  mm. 

19 

50.3 

12.7 

6.0 

12.0 

44.1 

42.2 

43.1 

5  mm. 

5 

27.3 

15.4 

7.3 

14.7 

28.9 

27.8 

28.6 

5  mesh 

2.540 

2.5 

13.9 

8.3 

15.1 

2.4 

3.0 

2.7 

8      „ 

1.574 

2.2 

13.1 

8.6 

16.9 

2.0 

2.6 

2.7 

10     „ 

1.270 

.9 

13.2 

7.9 

17.0 

.8 

1.0 

1.0 

20     „ 

.635 

9.0 

17.7 

8.9 

18.5 

11.0 

11.3 

11.9 

40     „ 

.317 

1.7 

18.3 

8.9 

19.0 

2.1 

2.1 

2.3 

60     „ 

.211 

1.2 

19.1 

9.3 

17.2 

1.6 

1.6 

1.5 

80     „ 

.157 

2.3 

20.3 

11.2 

17.5 

3.2 

3.6 

2.9 

100     „ 

.127 

.8 

19.9 

11.5 

17.4 

1.1 

1.3 

1.0 

150     „ 

.084 

.8 

21.7 

13.2 

17.5 

1.2 

1.5 

1.0 

—150     „ 

.084 

1.0 

22.6 

14.5 

18.0 

1.6 

2.0 

1.3 

100.0 

14.5 

7.1 

14.0 

100.0 

100.0 

100.0 

Grading  Analyses  Crude  Ore  Fed  to 

Rolls. 

/o 

Assay. 

Proportion. 

weight. 

%  Pb 

Oz.  Ag. 

%Zn.     %Pb. 

%Ag     o/^zn. 

+  19  mm.     . . 
5  mm.     . . 
—5  mm. 

59.7 

37.1 

3.2 

12.7 
15.4 
17.5 

6.0 
7.3 
9.2 

12.0 
14.7 
17.0 

54.7 

41.3 

4.0 

54.5     54.5 

41.1  !  41.4 

4.4  i     4.1 

100.0 

13.9 

6.6 

13.2    100.0 

100.0  jioo.o 

Bolls. — On  this  mine  the  rolls  are  used  to  complete  the  reduction 
of  the  ore  from  50  mm.  gauge  to  3  mm.  One  pair  of  rolls  is  used 
per  section.  The  steel  tyre  or  shell  is  36  in.  diam.,  with  18-iQ.  face, 
held  on  coned  centres  by  six  tightening  bolts.  The  set  of  rolls 
consists  of  one  plain  and  one  flanged  shell,  both  of  the  same  diameter, 
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and  kept  in  contact  by  rubber  buffers.  The  rolls  are  gear-driven, 
and  are  provided  \vith  a  back  gear  for  driving  the  back  roll ;  this  back 
gear  has  one  less  tooth  in  the  driven  wheel  in  order  to  prevent  corru- 
gating. The  speed  of  the  rolls  is  16  r.p.m.  The  capacity  of  each  set 
of  rolls  is  265  tons  of  crude  ore  per  24  hours,  crushed  through  3  mm. 
The  feed  is  distributed  across  the  full  face  of  the  roll  by  the  shaker. 

The  crushed  ore  from  the  rolls  passes  through  a  pair  of  cylindrical 
trommels,  6  ft.  long,  2  ft.  diam.,  covered  with  3  mm.  round-hole 
punched  plate.  These  trommels  are  set  at  an  angle  of  15°,  and  are 
driven  by  a  bevel  gear  at  a  speed  of  32  r.p.m.  The  life  of  the  punched 
plate  is  approximately  14  days. 

The  trommels  divide  the  roll  discharge  into  undersize  and  oversize. 
The  oversize,  or  raifs,  together  with  the  second  hutch  of  the  jig,  is 
returned  to  the  rolls  by  a  belt  and  bucket  elevator.  The  undersize 
from  the  trommels,  together  w^ith  the  shaker-screen  undersize,  passes 
to  an  elevator,  and  is  delivered  over  two  revolving  screens  at  the  head  of 
the  jig,  which  again  classifies  it  into  an  undersize  and  an  oversize.  The 
oversize  flows  to  the  jig,  while  the  undersize  gravitates  to  the  table 
section,  and  forms  portion  of  the  feed  to  the  Xo.  3  and  4  rows  of  tables. 

All  launders  carrying  raffs  have  a  45°  slope,  and  are  lined  with 
2-in.  angle  iron  transverse  to  the  launder  flow  and  spaced  12  in.  apart 
to  prevent  scour  on  the  launder,  and  so  reduce  cost  of  renewals. 

The  following  is  the  grading  and  assay  of  the  trommel  oversize  : — 


Grading  and  Assay  of  Trommel  Screen  Oversize  or  Raffs  {not  induding 

Second  Hutch  of  Jig). 


Aper- 

Assay. 

PROPORTIOy. 

Mesh. 

i     ture. 
1     mm. 

o 

weight. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%Pb.  |%Ag.i%Zn. 

+  5  mm.  . 

.1    5.00 

73.4 

7.4 

4.8 

10.0 

72.0  !  78.0     77.1 

5  mesh  . 

.1    2.54 

14.9 

6.9 

3.2 

7.2 

13.6  1  10.6     11.2 

10     „     . 

.1    1.27 

7.4 

7.2 

3.6 

7.8 

7.1  1     6.0  ,     6.1 

20     „      . 

.     .635 

2.3 

9.0 

4.8 

11.0 

2.8 

2.4       2.6 

40     „      . 

.     .317 

.7 

15.5 

5.0 

13.7 

1.4 

.8       1.0 

-40     „      . 

.  -.317 

1.3 

16.3 

7.8 

14.6 

3.1 

2.2       2.0 

1 

100.0 

7.5 

4.5 

9.5 

100.0 

100.0  IIOO.O 

Jig  and  Raff  Elevators. — There  is  one  of  each  of  these  to  each  section. 
The  elevators  are  typical  of  the  whole  mill ;  the  gearing,  framework, 
boots,  hoppers,  &c.,  are  standardized. 
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Figs.  8,  9  and  10  give  details  of  the  elevators.      The  boots  are  of 
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cast  iron,  and  are  fitted  with  a  door  at  the  side  to  permit  removal 
of  obstructions. 
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The  backs  of  the  elevators  are  lined  with  10-in.  x  2-in.  oreson.  and 
nailed  transverse  across  the  back  are  strips  of  3-in.  x  2-in.  hardwood 
faced  by  old  balata  belt  to  increase  the  life  of  the  back. 

The  following  are  full  particulars  of  these  elevators  : — 


Name 

of 

elevator. 


^^^*^   Length      Belt 

,    ,       I  of  belt,  .centres 
belt.    I  I 


Jig 
Raff 


Width  and  ^£  Diam.  '  ^***"'  |  r.p.m. 
pitch  of  ,  ^^it^  ft  j  of  top  j  ^Qtt^j^!  of  top 
buckets.     Ipermin.l  V^^^^J-  \  pulley.  |  P^^^^^" 


in. 

14 
16 


ft. 
102 


ft. 

46| 

40 


in.     in.  |  ft.  in.  '  ft.  in.  ' 

13     13         358  i  2     6  ,  3    0  ;     45J 

15     14     :     358  :  2     6  I  3     0  1     45* 


To  give  a  clean  discharge  of  products  it  was  in  practice  found  that 
the  distance  of  the  discharge  hopper  lip  from  the  centre  of  the  top 
pulley  shaft   should   be   approximately   six   feet. 

Screens  Before  the  Jigs. — The  jig  feed  elevators  of  each  section 
deliver  to  a  pair  of  revolving  King  screens,  which  are  situated  at  the 
end  of  and  above  the  jig.  These  are  fed  by  a  double  discharge  apron. 
All  screens  are  3  ft.  wide,  and  are  covered  with  30-mesh  brass  \^'ire- 
wove  cloth.  Each  screen  feeds  its  oversize  to  one  side  of  the  duplex  May 
plunger  jig,  while  the  undersize  passes  to  the  third  and  fourth  row  of 
tables  in  the  table  section  of  the  mill.  The  undersize  from  the  screens 
amounts  to  approximately  one-third  of  the  total  feed  to  the  screens. 

The  following  are  the  grading  analyses  of  the  feed  and  products 
of  these  screens  : — 

Grading  and  Analyses  of  Feed  to  Jig  Screens  {including  Second  Hutch 

from  Jig). 


j   Aper- 

% 
weight. 

Assay. 

Proportion. 

Mesh. 

ture  in 

1     mm. 

1 

%Pb.    Oz.Ag. 

0^  Zn.  ;  o/^  Pb. 

%Ag. 

%Zn. 

+    10 

.    1.27 

12.0 

11.5 

6.0 

10.6        8.1 

8.5 

8.5 

20 

.      .635 

16.0 

14.1 

5.6 

14.4     13.3 

10.6 

15.5 

40 

.       .317 

12.0 

16.7 

6.8 

14.7  i  11.8 

9.6 

11.7 

60 

.      .211 

9.0 

18.8 

7.2 

15.2       9.9 

7.6 

9.2 

80 

.      .157 

5.5 

16.6 

8.0 

15.8       5.3 

5.2 

5.8 

100 

.      .127 

21.2 

16.8 

10.4 

16.1     20.9 

26.0 

23.0 

150 

.      .084 

10.3 

19.5 

10.0 

15.9     11.8 

12.1 

11.0 

—150 

.      .084 

14.0 

23.0 

12.4 

16.4  1  18.9 

20.4 

15.3 

i 

100.0 

17.0  '     8.5 

14.9 

100.0 

100.0   100.0 
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Grading  Analyses,  Oversize  from  Jig  Screen  {Feed  to  Jig). 


Mesh. 

Aper- 
ture in 
mm. 

/o 
weight. 

Assay.                        Peopoetion. 

%  Pb. 

Oz.  Ag. 

%Zn.    %Pb. 

%  Ag. 

%  Zn. 

+  10 

1.27 

18.0 

10.1 

5.4 

11.0 

11.1 

14.8 

14.4 

+  20 

.635 

30.5 

15.5 

5.8 

13.5 

28.8 

27.0 

29.9 

40 

.317 

19.0 

18.8 

6.4 

14.8 

21.8 

18.6 

20.4 

60 

.211 

7.5 

19.6 

6.6 

14.0 

9.0 

7.6 

7.6 

80 

.157 

4.5 

16.5 

7.0 

15.2 

4.5 

4.8 

5.0 

100 

.127 

5.0 

15.1 

7.0 

15.4 

4.6 

5.3 

5.6 

150 

.084 

4.0 

18.3 

8.2 

15.0 

4.5 

5.0 

4.3 

-150 

.084 

11.5 

22.4 

9.6 

15.2 

15.7 

16.9 

12.8 

100.0 

16.4 

6.5 

13.8 

100.0 

100.0 

100.0 

Under  size  from  Jig  Screens  [Portion  of  Feed  to  Third  and  Fourth  Bow 

of  Tables). 


Mesh. 

Aper- 
ture in 
mm. 

/o 
weight. 

Assay. 

Proportion. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

%  Ag. 

%Zn. 

+  40 

.317 

9.0 

14.4 

5.6 

14.8 

6.9 

5.2 

8.5 

60 

.211 

14.0 

16.0 

6.6 

15.0 

11.9 

9.5 

13.4 

80 

.157 

11.0 

16.4 

8.6 

16.0 

9.6 

9.7 

11.2 

100 

.127 

21.5 

17.5 

9.2 

16.0 

20.0 

20.4 

21.9 

150 

.084 

12.0 

18.8 

10.0 

15.9 

12.0 

12.4 

12.1 

-150 

.084 

32.5 

23.0 

12.8 

15.9 

39.6 

42.8 

32.9 

100.0 

18.8 

9.7 

15.7 

100.0 

100.0 

100.0 

KING   REVOLVING   TROUGHED   SCREEN. 

This  type  of  screen  is  extensively  used  throughout  the  mill. 
Fig.  11  shows  complete  details  of  its  construction.  A  webbed 
cast-iron  disc  and  an  open  ring  form  the  two  ends  of  the  screen  frame. 
These  are  joined  together  by  twelve  bolts  through  gas  pipe   distance 
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piece3,  extending  between  the  frames.  On  the  inside  of  each  end  are 
cast  a  number  of  lugs,  as  shown  in  the  drawing.  These  lugs  and  curved 
bars  serve  to  shape  the  screen  cloth,  when  placed  on  the  frame,  into 
twelve  troughs.  Wooden  blocks  wedged  in  under  the  cast-iron  lugs 
serve  to  hold  the  screen  wire  in  position. 

The  solid  end  of  the  screen,  which  is  also  the  driving  end,  carries 
the  whole  weight  of  the  screen,  and  is  cast  with  a  heavy  boss, 
strengthened  with  webs. 

The  shaft  for  driving  the  screens  is  5  ft.  lOJ  in.  long  by  2J  in.  diam. 
It  passes  through  the  machined  boss  of  the  webbed  end,  and  is  keyed 
in  position.  Ordinary  2J-in.  plummer  blocks  serve  as  bearings  for 
the  shaft. 

The  whole  screen  is  contained  in  a  splash-proof  wooden  box,  suit- 
ably arranged  with,  discharge  launders. 

Secured  to  the  hopper  on  the  opposite  end  to  the  drive  is  a  steel 
tray,  which  extends  for  the  full  length  of  the  screen  frame,  and 
through  the  open  end.  The  tray  receives  the  screen  undersize,  and 
discharges  it  into  its  proper  launder. 

Situated  a  little  above  the  top  of  the  screen,  and  extending  for  its 
full  length,  is  a  wash-water  spray  pipe,  which  serves  to  wash  the 
fines  through  the  screen.  A  similar  j^ipe  is  placed  inside  the  screen, 
under  the  above-described  tray,  for  washing  off  the  oversize.  The 
feed  is  distributed  on  the  screen  by  means  of  a  cast-iron  apron. 

The  screen  is  driven  by  a  2J-in.  belt,  at  8  r.p.m.,  and  requires  a 
length  cf  12  ft.  of  brass  wire  screen  cloth  to  cover  the  frame. 

The  quantity  of  spray  water  required  per  screen  for  washing  the 
feed  and  for  washing  the  binding  out  of  the  wire  wove  is  360  gal.  per 
hour  per  screen. 

JIGS. 

Jigging. — Each  section  contains  one  May  duplex  three-compartment 
jig.  Fig.  12  gives  the  general  outlines  of  its  construction.  The 
following  is  a  description  of  the  jig  : — 

The  jig  consists  of  two  independent  jigs  of  three  cast-iron  hutches 
each,  which  are  bolted  on  to  a  wooden  frame,  measuring  10ft.  91  in. 
long  by  9,  ft.  3  in.  wide  over  all.  Each  hutch  is  divided  into  a  sieve 
compartment  and  a  plunger  compartment,  excepting  the  last,  which 
is  a  taihngs  hutch. 

b2 
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The  outer  compartments,  in  which  the  jig  sieves  are  fixed,  are  2  ft. 
6f  in.  wide  ;  the  two  plunger  comj^artments  are  1  ft.  3J  in.  wide. 

Each  of  the  above  four-sieve  compartments  is  subdivided  into  three 
equal  lengths  by  cross  timbers.  On  the  head  end  of  the  jig,  or  first 
hutch,  the  sieve  frames  are  held  down  with  tw^o  small  iron  brackets, 
under  which  is  driven  a  hardwood  wedge.  The  second  hutch  sieves 
are  held  in  position  by  a  hardwood  wedge,  driven  under  the  lugs  of 
a  cast-iron  angle-plate,  bolted  to  the  hutch.  At  the  back  of  the  angle- 
plate,  between  the  second  and  third  hutches,  are  bolted  two  small 
iron  brackets  to  hold  the  adjustable  tail-board.  The  depth  of 
adjustment  depends  on  the  load  required  on  the  sieves.  The  third 
hutch  on  either  side  is  for  tailings. 

Jig  Sieves. — The  bottom  sieve  frames  are  made  of  cast  iron,  2  ft. 
6  in.  X  13J  in.  by  IJ  in.  deep,  with  openings  5  in.  x  2J  in. 

The  jDunched  plate  or  screen  ware  used  for  holding  the  ragging  and 
forming  the  bed  of  the  jig  is  laid  between  the  bottom  and  brass  top 
sieve  frames.     The  frames  are  then  lightly  caulked  with  oakum. 

The  top  sieve  frames  are  made  of  brass  in  order  to  avoid  breakage 
when  pulling  down  on  the  bottom  frame,  or  when  removing  for 
renewal  of  sieves.     They  measure  2  ft.  6  in.  x  13J  in.  x  IJ  in.  deep. 

Each  jig  requires  24  frames- — three  top  and  three  bottom  frames 
for  each  hutch. 

A  layer  of  "  ragging,"  approximately  1 J  in.  thick,  made  of  5/16-in. 
round  bar-iron,  cut  into  lengths  from  5/16  in.  to  J  in.,  is  placed 
on  the  sieves  to  form  a  bed.  The  depth  of  the  bed  is  varied  to 
suit  the  class  of  ore  to  be  treated  and  the  grade  of  concentrate 
required. 

Plungers. — Each  jig  has  four  plungers,  two  on  either  side  corre- 
sponding to  the  hutch.  The  plunger  is  constructed  of  cast  iron,  with 
a  boss  bored  to  a  taper,  to  suit  the  end  of  the  plunger  rod.  The 
plunger  measures  2  ft.  l\\  in.  x  1  ft.  If  in.,  and  is  fitted  with  the  usual 
clack  board.  The  action  of  the  plunger  is  to  cause  a  pulsating  action 
under  and  through  the  ore-bed. 

Motion  Gear. — The  motion  gear  is  placed  on  eight  cast-iron 
standards,  which  carry  the  timbers  to  which  the  gear  is  bolted.  The 
driving  shafts  are  7  ft.  3  in.  long,  3  in.  diam.,  with  fast  and  loose 
pulleys.  On  the  driving  shaft  is  a  15-in.  diam.  disc  with  a  6-in.  x 
\\-'m.  slot,  in   which  a  cone-headed  bolt  carrying  a  reel  fits.     The 
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reel  acts  as  a  crank  pin  for  the  connecting  rods  to  the  rocker  shaft  ; 
the  slot  serves  for  adjusting  the  stroke  of  the  jig. 

The  rocker  shaft  is  placed  over  the  centre  of  the  jig.  It  is  7  ft. 
long  X  3i  in.  diam.  To  it  is  keyed  two  cast-iron  arms,  or  rockers, 
each  2  ft.  8  in.  long.  The  rocker  arms  are  slotted  at  the  ends,  to  take 
a  square-headed  bolt,  carrying  a  cast-iron  reel  (similar  to  those  on 
the  disc).  The  plunger  rods  are  carried  on  the  rocker  arm  reels. 
The  slots  in  the  rocker  arm  permit  each  plunger  to  be  given  its  proper 
stroke. 

Spigots. — The  products  made  by  the  jig  are  discharged  from  the 
hutches  by  a  spigot,  which  hinges  from  a  cast-iron  seat,  and  is 
bolted  to  the  bottom  of  the  hutch.  Attached  to  the  end  of  the  lever 
of  the  spigot  is  a  J-in.  rod,  long  enough  to  reach  to  the  floor  above, 
thus  enabling  the  jig  attendant  to  operate  the  spigot  from  the  jig 
floor  for  cleaning  purposes.     The  holes  in  the  spigots  are  as  follows  : — 

1st  hutch  on  lead  concentrate,  J  in.  diam. 

2nd  hutch  on  middling,  J  in.  diam. 

3rd  hutch  on  tailing,  IJ  in.  diam. 
The  Practice  of  Jigging. — The  feed  to  the  jig  consists  of  the  jig  screen 
oversize.  Each  screen  delivers  the  oversize  to  its  corresponding  side 
of  the  ji^.  The  material  travels  slowly  along  towards  the  tail  of  the 
jig,  forming  a  bed  of  material  on  the  sieves.  The  movement  of  the 
pulp  is  caused  by  the  flow  of  added  water  and  the  pulsations  of  the 
plunger.  The  ore  forms  a  bed  on  the  ragging  of  the  jig  sieves,  and 
each  stroke  of  the  plunger  causes  a  pulsating  action  through  the  ore- 
bed,  disturbs  it,  and  allows  the  mineral  with  the  highest  gravity  to 
sink,  and  finally  drop  through  the  ragging  and  sieve  into  the  hutch 
below,  whilst  the  mineral  with  the  lower  gravity  flows  over  the  tail- 
board into  the  tail  hutch. 

Three  products  are  made  by  these  jigs — 

1st  hutch,  lead  concentrate,  which  is  stored  in  bins. 

2nd  hutch,  lead  middUng,  which  is  returned  to  the  rolls. 

3rd  hutch,  lead-zinc  tailing,  which  gravitates  to  the  grinding 
pans,  and  is  required  for  subsequent  table  treatment. 
The  jig  has  a  capacity  of  12  tons  per  hour,  and  makes  184  strokes 
per  minute. 

The  following  are  the  gradings  and  assays  of  the  products  made  by 
the  jigs  :— 
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Grading  Analyses  of  Jig  Products. 
No.  1  Hutch  Jig  Concentrate. 


Aper- 

/o 
weight. 

Assay. 

PROPORTtOJSr. 

Mesh. 

ture  in 
mm. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

o/oPb. 

o/oAg. '%Zn. 

1 

+  10 

1.27 

3.0 

52.3 

21.4 

12.5 

2.3 

2.9  1     5.2 

20 

.635 

25.0 

65.1 

22.4 

9.3 

24.2 

25.0  i  32.6 

40 

.317 

28.0 

70.7 

23.2 

5.9 

29.4 

29.0  !  23.1 

60 

.211 

16.0 

71.3 

23.2 

5.6 

17.0 

16.5  ;  12.5 

80 

.157 

8.0 

69.1 

22.0 

6.1 

8.2 

7.8  ';     6.8 

100 

.127 

6.0 

61.1 

20.6 

6.4 

5.5 

5.5       5.4 

150 

.084 

7.0 

64.9 

21.4 

7.2 

6.8 

6.7       7.0 

—150 

.084 

7.0 

63.7 

21.2 

7.6 

6.6 

6.6       7.4 

1 

100.0 

67.2 

22.4 

7.1 

100.0 

100.0  100.0 

No.  2  Hutch  Jig  MiddUng  Returned  to  Rolls  with  Raffs. 


+  10 

1.27 

5.0 

34.8 

15.0 

22.0 

4.6 

4.8 

6.0 

20 

.635 

22.0 

33.8 

15.0 

22.0 

19.4 

21.5 

26.2 

40 

.317 

26.0 

35.0 

13.8 

18.3 

23.8 

23.3 

25.8 

60 

.211 

14.0 

36.6 

13.4 

18.0 

13.4 

12.3 

13.7 

80 

.157 

9.0 

36.8 

14.2 

17.3 

8.6 

8.3 

8.4 

100 

.127 

4.0 

38.6 

15.0 

17.0 

4.0       4.0 

3.7 

150 

.084 

6.0 

46.0 

18.2 

16.2 

7.2       7.0 

5.3 

-150 

.084 

14.0 

52.0 

'20.6 

14.4 

19.0 

18.8 

10.9 

1 

100.0 

38.3 

15.3 

18.4 

100.0 

100.0 

100.0 

No.  3  Hutch  Jig  Tail- — Feed  to  Regrinding  Pans. 


+  40 

.317 

63.8 

6.7 

3.7 

12.8 

56.1 

55. G  1  56.0 

+  60 

.211 

14.5 

5.7 

3.3 

17.3 

10.8 

11.0 

17.2 

80 

.157 

5.3 

6.4 

3.7 

18.3 

4.4 

4.5 

6.6 

100 

.127 

2.4 

7.2 

4.1 

18.7 

2.3 

2.3 

3.1 

150 

.084 

2.6 

8.4 

4.5 

18.8 

2.9 

2.7 

3.3 

-150 

.084 

11.4 

15.7 

8.8 

17.7 

23.5 

23.6 

13.8 

100.0 

7.6 

4.3 

14.6 

100.0 

100.0 

100.0 
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REGRINDING. 

Regrinding  Jig  Tailing. — The  jig  tailing  is  ground  in  closed  circuit 
with  screens,  as  follows  : — The  tailing  from  the  jig  flows  to  a  row  of 
4-in.  to  5-in.  Forwood  Down  grinding  pans  in  parallel,  and  are  ground 
and  elevated  to  a  set  of  four  revolving  screens,  fitted  with  16-mesh 
brass  wire  cloth. 

The  oversize  is  returned  to  a  second  row  of  four  5-ft.  pans,  reground, 
and  elevated  to  the  screens.  The  screen  undersize  gra^dtates  to  the 
distributing  box,  feeding  the  Nos.  1  and  2  rows  of  tables.  The 
grinding  pans  run  at  55  r.p.m.  The  shoes  and  dies  are  made  of  hard 
iron,  cast  locally. 

In  one  section  a  14  ft.  x  4  ft.  7J  in.  diam.  Krupp  tube  mill  is  operated 
in  place  of  five  of  the  grinding  pans.  The  tube  mill  runs  at  28  r.p.m. 
Both  Danish  and  South  AustraUan  (Mount  Gambier)  flints  are  used 
for  grinding  purposes. 

The  following  are  the  grading  analyses  and  assay  of  the  screen 
discharge  after  passing  through  the  grinding  pans  : — 

Grading  Analyses  of  Pan  Screen  Discharge — Partial  Feed  to  Tables. 


Mesh 

Aper- 
ture in 
mm. 

/o 
weight. 

Assay. 

PROPORTIOy. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

o/oAg.;o;Zii. 

+  40 

.317 

34.4 

3.5 

2.3 

11.6 

16.0 

18.4     27.2 

+  60 

.211 

16.0 

4.5 

2.7 

15.6 

9.4 

10.0     17.0 

+  80 

.157 

6.9 

5.1 

3.1 

16.6 

4.6 

4.9       7.8 

+  100 

.127 

5.4 

5.1 

3.9 

16.8 

3.6 

4.9       6.2 

+  150 

.084 

11.0 

9.1 

5.0 

16.6 

13.2 

12.8     12.4 

-150 

.084 

26.3 

15.4 

8.0 

16.4 

53'.  2 

49.0     29.4 

1 

100.0 

7.6 

4.3 

14.6  ilOO.O 

100.0  IlOO.O 

T. 

\BLE    S] 

ECTION. 

• 

Equipment. — The  tables,  with  their  attendant  elevators,  are  housed 
in  a  separate  building  from  the  crushing  and  jigging  sections.  It  is 
divided  into  four  sections,  with  elevators  common  to  two  sections  of 
the  tables.  It  contains  96  Card-Wilfley-type  tables,  arranged  in 
six   rows,   each   containing  sixteen  tables.     The   first   two   rows — 32 
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tables — treat  the  grinding  pan  screen  undersize  and  portion  of  the 

middling  from  all  tables.     The  third  and  fourth  row — 32  tables — 

treat  the  jig  screen  undersize,  together  with  a  portion  of  the  middhng 

from  all  tables.     The  fifth  and  sixth  rows    are    re-treat  tables    for 

quartz  and  slime  products  made  on  the  previous  four  rows  of  tables. 

The  products  made  by  the  tables  are  : — 

No.  of  row. 

1  and  2        Lead  concentrate,  lead-zinc  middling,  zinc  tail,  quartz 

tail  and  slime. 
3  and  4        Lead  concentrate,  lead  zinc  middling,  zinc  tail,  quartz 
tail  and  slime. 

5  Lead-zinc  middling,  zinc  tail,  quartz  tail  and  slime. 

6  Lead  concentrate,  lead-zinc  middling,  zinc  tail  and  slime. 
All  of  the  table  decks,  which  are  14  ft.  long  x  6  ft.  wide,  are  con- 
structed of  redwood  screwed  to  Oregon  frames.  The  64  tables  of  the 
first  to  fourth  rows  have  a  tapered  groove  f-in.  deep  at  the  feed  end, 
tapering  to  1/16  in.  at  the  head  end,  and  spaced  2 J  in.  apart  over  the 
full  width  of  the  table. 

The  32  tables  working  on  the  quartz  screen  and  slime  products  have 
tapered  grooves  extending  on  the  upper  or  feed  side  of  the  table  from 
the  feed  end  of  the  table  for  a  length  of  6  ft.,  and  then  gradually 
lengthen  out  until  on  the  bottom  side  of  the  table  the  grooves 
extend  the  full  length. 

The  tables  are  mounted  on  24  double  3  in.  x  J  in.  stringybark  battens 
bolted  to  the  frame  of  the  table  top  and  to  an  angle  cleat  on  the  floor. 

All  tables  are  adjusted  to  the  following : — 
In  lengths — level. 
In  width — fall  of  If  in.  on  the  first  to  fourth  rows. 

fall  of  1|  in.  on  the  fifth  to  sixth  rows. 
Length  of  stroke — |  in.  on  the  first  to  fourth  rows. 

J  in.  on  the  fifth  to  sixth  rows. 
Speed — 297  r.p.m.  on  the  two  strokes. 

Elevators. — One  each  of  the  following  elevators  are  common  to  each 
double  section  of  tables  : — Lead  concentrate,  middling,  zinc  tailing, 
quartz  tailing,   slime  tailing. 

The  boots  of  these  elevators  are  placed  in  a  long  concrete  pit.  All 
the  elevators  are  of  standard  design.  The  full  particulars  are  as 
follows  : — 
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Table  of  Mill  Elevators, 


. 

j  Centre  | 

Elevator. 

o 

^   . 

^5 

.3 

o 

o 

■  X 

Diam. 
of  top 
pulley. 

Revs, 
of  top 
pulley. 

of  top  t 
Belt         to 
speed,  centre 
r.  p.  m.|      of      i 
:  bottom 
!  pulley. 

Length 

of 

belt. 

c  •— 

PS 
1 

in. 

in. 

in. 

ft.  in.  1 

ft.  in. 

ft.  in. 

ft. 

Screens  (4)      . .    15 

U 

;  16 

2    6     45.4 

358 

40  0 

88  6 

3 

Table  middling 

! 

(2)             ..    15 

12 

16 

2     6     58 

455  ;  45  0 

98  6 

3 

Table  tail  (2)  . .    15 

12 

16 

2     6  ;  58 

455     52  9  ; 

114  0 

3 

Table  zinc  (1)..    15 

12 

16 

2    0     58 

364  :  56  3 

120  0 

3 

(1)..,  15 

12 

16 

2    0     58 

364     53  6 

115  0 

3 

Table  cone.  (2)  |  13 

14 

1  14 

2    0  j  58 

364  i  59  3 

127  0 

3 

Settlers. — Each  section  of  the  mill  has  two  settlers  for  separating 
the  fine  slime  from  the  sand.  This  sand  unavoidably  flows  from  the 
tables  with  the  slime.  These  settlers  are  V-shaped,  14  ft.  long  by 
6  ft.  high,  constructed  of  10  in.  x  2  in.  Oregon,  and  provided  with 
five  discharge  spigots  and  an  overflow. 

Practice  of  Table  Treatment. — The  pan  screen  undersize  of  each 
section  flows  to  a  distributing  box  ;  this  box  is  fitted  Avith  a  rotary 
distributor  (Fig.  15  shows  details  of  the  apparatus),  which  divides 
the  feed  so  that  it  runs  evenly  to  eight  of  the  tables  (four  on  the 
first  and  four  on  the  second  row).  Wash  water  is  added  on  the 
upper  side  of  the  tables  as  required,  and  five  products  are  made,  as 
follows  : — 


Lead  concentrate 
Lead  zinc  middling 
Zinc  tailing 
Quartz  tailing 
Slime  tailing   . . 


%  Pb. 


63.8 

14.0 

2.8 

2.0 

9.7 


Assay. 


Oz.  Ag. 


23.0 
7.6 
3.0 
2.0 
7.0 


%  Zn. 


7.8 
23.0 
16.5 

8.4 
14.0 


The  lead  concentrate  is  elevated  to  wooden  storage  bins,  drained, 
and  railed  to  the  smelters.  The  middling  product  is  elevated  aad 
re-treated  on  the  first  to  fourth  row  of  tables. 
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Zinc  tailing  is  elevated  to  the  zinc  storage  bins,  where  it  is  drained, 
and  railed  to  the  zinc  flotation  plant  of  the  Amalgamated  Zinc 
(De  Bavay's)  Ltd. 


o 

H 
•     m 

f-H 

< 

O 
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The  quartz  tailing  is  elevated  and  delivered  over  two  revolving 
screens,  fitted  with  24-mesh  brass  wire  cloth,  running  at  8  r.p.m. 
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The  ova:size  and  undersize  are  separately  treated  on  the  fiftli  and 
sixth  rows  of  tables. 

The  slime  product  from  the  end  of  all  the  tables  carries  some  quartz 
tails  with  it.  This  is  settled  out  in  V  settlers,  and  the  first  two  spigots 
returned  to  the  quartz  tailing  elevator  and  sent  to  the  20-mesh 
screens  ;  the  remaining  three  spigots  are  then  elevated  into  cones, 
where  they  join  the  quartz  screen  undersize,  and  are  treated  on  the 
sixth  row  of  tables. 

The  fine  sHme  overflow  from  the  V  settlers  gravitates  to  the  main 
slime  launder  running  to  the  slime  flotation  plant,  or  to  slime  settling 
pits  if  the  flotation  plant  is  stopped. 

The  undersize  from  the  jig  screens,  together  with  a  portion  of 
returns  from  all  tables  in  the  mill,  is  fed  on  to  the  third  and  fourth 
rows  of  tables  in  a  similar  manner  to  the  pan  screen  imdersize. 

The  products  made  are  : — 


Assay. 


Oz.  Ag. 


%Za. 


Lead  concentrate . . 
Lead  zinc  middling 
Zinc  tailing 
Quartz  tailing 
Slime  tailing 


23.9 

13.6 

4.4 

2.3 

8.0 


7.9 
22.0 
19.0 
12.0 
13.0 


These  various  products  follow  the  same  channel  for  disposal  as 
those  from  the  first  and  second  rows  of  tables. 

Quartz  Tailing  Treatment. — The  object  of  this  treatment  is  to 
eliminate  a  valueless  quartz  product  and  to  increase  the  zinc  product, 
which  is  payable  for  flotation  treatment. 

The  quartz  tailing  is  divided  into  undersize  and  oversize  by  screens, 
as  outlined  above.  The  oversize  is  fed  on  to  the  fifth  row  of  tables  ; 
the  j^roducts  formed  assay  as  follows  : — 


Assay. 

Disposed  of. 

%  Ph. 

Oz.  Ag. 

%Zn. 

Zinc  middling  and  tail 

3.0 

3.2 

13.2 

De  Bavav. 

'Quartz  tailing  . . 

1.5 

1.5 

5.8 

Filling  undtT- 
<:roun(l. 

Slime 

11.0 

7.6 

13.4 

Slime  flotation 
plant. 
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The  undersize  from  the  quartz  screens,  together  mth  the  thickened 
pulp  from  the  V  settlers,  is  further  de-watered  in  4  ft.  6  in.  diam* 
cones.  The  underflow  from  each  cone  distributes  into  the  feed  boxes 
of  a  pair  of  tables.  The  overflow  joins  the  main  launder  to  the  slime 
flotation  plant,  or  slime  settling  pits. 

The  products  made  on  the  undersize  tables  are  : — 


Assay. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

Lead  concentrate  . . 
Lead  zinc  middling 
Zinc  tailing 
Slime  tailing 

52.8 
8.7 
2.9 
8.8 

20.0 
8.0 
2.5 
6.6 

12.7 

27.2 
14.0 
13.0 

These  products  are  disposed  of  as  in  the  first  to  fourth  rows  ta]ble 
products. 

The  final  products  delivered  from  the  table  section  are  : — Lead 
concentrate,  zinc  tailing,   quartz  tailing,  slime  tailing. 

The  following  tables  show  the  grading  analyses  and  assay  of  the 
final  products  made  : — 

Grading  Analyses  Table  Concentrate. 


Mesh. 

1 

Aper-        0/ 

'Assay. 

Proportion. 

mm. 

weight. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

%  Ag. 

%  Zn. 

+  20 

.635  i     2.0 

28.6 

16.6 

18.9 

0.9 

1.4 

4.7 

40 

.317  ;     7.5 

61.2 

22.0 

10.5 

7.1 

7.0 

10.2 

60 

.211     14.0 

70.6 

24.8 

6.9 

15.3 

14.9 

12.2 

80 

.157       7.2  i  70.4 

24.0 

7.0 

7.8 

7.4 

6.4 

100 

.127       5.5 

68.4 

23.6 

6.3 

5.8 

5.6 

4.4 

120 

.107     23.5     65.6 

23.6 

7.5 

23.8 

23.7 

22.4 

150 

.084       5.0     60.8 

23.5 

8.3 

4.7 

5.0 

5.3 

-150 

.084     35.3     63.4 

23.2 

7.7 

34.6 

35.0 

34.4 

ilOO.O     64.7 

23.4 

7.9 

100.0   100.0   100.0 
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Grading  Analyses — Zinc  Tailing. 


Aper-  1      or 

Assay. 

Proportion. 

Alesh. 

ture  in  !      • '?  . 

mm. 

weight. 

%  Pb. 

Oz.  Ag. 

%Zn. 

%Pb.    o/oAg. 

%  Zn. 

+  40 

.317 

32.5 

3.0 

2.4 

15.4 

30.4  !  23.8 

30.1 

60 

.211 

22.5 

2.0 

2.6 

16.0 

14.3     17.9 

21.6 

80 

.157 

9.5 

2.5 

2.6 

17.0 

7.4  1     7.5 

9.7 

100 

.127 

8.0 

2.3 

3.4 

18.3 

5.7 

8.3 

8.8 

120 

.107 

12.5 

2.3 

3.4 

19.2 

8.9 

12.9 

14.5 

150 

.084 

.5 

2.1 

3.2 

18.4 

.3 

.5 

.5 

-150 

:   .084 

14.5 

7.3 

6.6 

17.0 

33.0 

29.1 

14.8 

100.0 

3.2 

3.3 

16.6 

100.0   100.0 

100. 0 

Grading  Analyses — Quartz  Tailing. 


+  40 

.    .317  ;  71.0 

1.0 

1.0 

4.6 

47.0 

48.9 

56.8 

60 

.    .211  ;  11.5 

0.7 

.8 

4.9       5.4 

6.4       9.8 

80 

.    .157  1     3.5  1 

0.7 

.7 

4.9       1.6 

1.7       3.0 

100 

.    .127       2.0  ! 

0.8 

.8 

6.0       1.1 

1.1       2.1 

120 

.    .107          .8  1 

0.9 

2.0 

6.8 

.4 

1.1       1.0 

150 

.    .084  !     1.0 

0.9 

2.0 

9.4 

.6 

1.4  1     1.6 

-150 

.    .084  1  10.2  1 

6.5 

5.6 

14.5 

43.9 

39.4 

25.7 

jlOO.O 

1.5 

1.5 

5.8   100.0 

100.0 

100.0 

Grading — Slime  Tailing. 


+  60 

.211 

3.5 

2.0 

0.7 

3.6 

.7 

.4 

1.0 

100 

.127 

5.1 

2.0 

1.3 

5.6 

1.0 

.9 

2.1 

150 

.084 

4.5 

2.6 

1.4 

6.6 

1.1 

.9 

2.2 

200 

.063 

1.0 

2.4 

1.4 

8.0 

.2 

2 

.6 

-200 

.063 

85.9 

11.5 

7.9 

14.6 

97.0 

97.6  !  94.1 

100.0 

10.2 

7.0 

13.3 

100.0 

100.0 

100.0 

The  following  table  shows  the  total  tonnage  and  segregation  of  the 
various  products,  dating  from  the  introduction  of  quartz  screens  in 
June,  1911,  to  May,  1919:— 
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Table  No.  III. 


Tons. 

% 
Weight. 

Assay. 

Proportion. 

%Pb. 

Oz.Ag.  |%Zn. 

%Pb. 

%Ag.|%Zn. 

Jig  lead  concen- 
trate . . 

Table  lead  con- 
centrates 

180,482 
180,305 

8.35 

8.34 

67.2 
64.7 

i 
22. 4I     7.1 

23.4!     '^•9 

38.7 
37.2 

26.7 
28.0 

4.4 

4.8 

Total    lead  con- 
centrates 
Zinc  tailing 
Quartz  tailing  . . 
Slime 

360,787 

1,373,943 

135,569 

290,610 

16.69 

63.59 

6.27 

13.45 

65.9 
3.2 
1.5 

10.2 

22.9 
3.3 
1.5 

7.0 

7.6 
16.6 

5.8 
13.3 

75.9 
14.0 

.7 
9.4 

54.7 

30.2 

1.5 

13.6 

9.2 
75.6. 

2.6 
12.6 

Crude  ore 

2,160,909 

100.0 

14.5 

7.1 

14.0 

100.0 

100.0 

100.0 

Comparing  the  above  table  with  Table  No.  II.,  relating  to  1911^ 
the  altered  system  has  resulted  in  giving — 

(1)  Increased  lead  and  silver  recovery. 

(2)  Increased    production    of     zinc    tailing   for    zinc    flotation 

treatment  and  a  reduction  in  waste  tailing. 


GENERAL. 

Stora/je  of  Product.— The  whole  of  the  lead  concentrate  and  zinc 
tailing  is  stored  and  drained  in  wooden  bins  situated  between  the 
jig  and  table  sections. 

Concentrate  Storage.- — A  row  of  ten  bins — eight  holding  320  tons 
each,  two  holding  190  tons  each — built  of  Oregon,  and  with  sloping 
bottoms,  is  used.  Each  bin  is  provided  with  three  cast-iron  doors, 
operated  by  rack  and  pinion,  for  discharging  purposes.  The  bins  are 
all  provided  with  a  baffle  board  6  in.  inside  of  the  overflow  lip,  to 
retain  any  fine  lead  concentrate  floating  on  the  surface  of  the  water. 
These  storage  bins  (concentrate  and  tailing)  are  provided  with  filter 
bottoDJS,  The  arrangement  is  as  follows  : — Each  bin  has  a  slope 
bottorij,  and,  for  discharging  the  drained  product,  the  front  of  the 
bin  is  provided  with  three  cast-iron  doors  operated  by  a  rack  and 
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pinion.  On  the  inside  of  the  bin,  between  the  sections  formed  by 
the  doors  and  at  one  foot  from  the  lower  edge  of  the  bin,  is  placed  a 
punched  plate,  on  which  is  laid  two  layers  of  cocoanut  matting,  and 
battened  to  the  woodwork  of  the  bin.  This  punched  plate  is  supported 
on  cleats  nailed  to  the  woodwork  of  the  bin.  The  bins  are  arranged 
so  that  the  overflow  water  from  bins  Nos.  1  to  8  flows  into  either 
Nos.  9  or  10  bins  (which  are  4  ft.  lower),  where  further  settlement  of 
the  fine  lead  takes  place.  The  clear  overflow  water  from  either 
Nos.  9  or  10  bins  gravitates  into  the  mill  sumps. 

The  lead  concentrate,  comprising  jig  and  table  product,  drains  in 
the  bins  to  approximately  4  %  moisture  in  three  days,  when  it  is 
ready  to  be  trucked  to  the  smelter. 

In  addition,  a  concrete  floor  214  ft.  x  50  ft.,  capable  of  storing 
10,000  tons  of  jig  and  Wilfley  concentrate,  is  provided. 

Zinc  Tailing. — A  row  of  ten  bins,  with  a  total  holding  capacity  of 
2000  tons,  and  similar  in  design  to  those  used  for  lead  storage,  is 
provided.  The  overflow  from  these  bins  flows  to  Dorr  thickeners 
at  the  slime  flotation  plant.  The  clear  water  is  returned  to  the  mill 
sumps.  The  zinc  tailing  is  drained  from  16  to  24  hours  in  the  bins, 
and  then  railed  to  the  treatment  plant  of  the  Amalgamated  Zinc 
(De  Bavay's)  Ltd. 

Quartz  Tailing. — This  taihng,  which  is  made  from  the  fifth  row  of 
tables,  is  elevated  into  one  of  three  steel  vats,  16  ft.  6  in.  diam.  by 
20  ft.  deep,  fitted  with  an  overflow  launder.  The  dirty  overflow 
discharges  to  the  V  settlers.  These  vats  are  provided  with  filter 
bottoms,  and  are  constructed  as  follows  : — A  number  of  parallel 
bearers,  4  in.  x  3  in.,  on  edge,  and  spaced  15  in.  apart,  are  placed  on 
the  bottom  of  the  vat.  The  underside  of  these  bearers  has  a  number 
of  V  notches  cut  in  them  to  allow  of  draining,  above  which,  and  at 
right  angles  to  them,  are  nailed  a  number  of  2  in.  x  1  in.  wooden 
battens,  1  in.  apart.  Over  these  battens  are  placed  two  layers  of 
cocoanut  matting.  Wooden  battens,  2  in.  x  1  in.,  at  right  angles  to 
the  battens  below,  and  3  in.  apart,  are  nailed  to  the  ones  below  ;  this 
keeps  the  matting  in  position,  and  forms  a  shovelling  bottom  to 
the  vat. 

The  drained  quartz  tailing  is  discharged  through  a  central  hole 
12  in.  diam.  on  to  an  18-in.  conveyor.  This  belt  discharges  on  to 
a  main  conveyor  belt  with  500-ft.  centres,  running  at  right  angles. 
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and  delivers  the  quartz  tail  to  the  open  cut,  whence  it  is  drawn  for 
stope-fiUing  underground. 

Slime. — Prior  to  July,  1916,  all  the  slime  overflow  from  the  mill 
ran  into  a  series  of  settling  pits. 

Twenty-two  pits,  24  ft.  long,  13  ft.  wide,  by  4  ft.  6  in.  deep  at  the 
back  and  7  ft.  deep  at  the  front,  fitted  with  the  usual  baffle  overflow 
and  cast-iron  door,  were  provided. 

In  these  pits  the  thin  slime  pulp  was  settled.  The  more  or  less 
clear  overflow  was  returned  to  the  mill  sumps,  while  the  thickened 
pulp  was  elevated  to  a  storage  dam.  Ordinarily  the  pits  are  out  of 
use  when  the  slime  is  going  to  the  flotation  plant. 

Mill  Water  Circulation. — All  clear  overflow^  water  from  bins,  vats, 
thickeners,  &c.,  flows  to  four  steel  tanks,  10  ft.  deep  by  20  ft.  diam., 
fitted  with  overflows  to  the  mill  storage  dam.  These  tanks  connect 
to  one  common  main,  which  connects  to  a  duplicate  set  of  Sulzer 
centrifugal  pumps.  Each  set  consists  of  one  7-in.  of  40,000  gal. 
capacity  and  one  12-in.  of  90,000  gal.  per  hour. 

The  centrifugal  pumps  elevate  the  water  to  two  20,000-gal.  service 
tanks,  which  supply  the  mill. 

The  Sulzer  centrifugal  pumps  are  direct-coupled  to  the  motors, 
and  have  given  marked  satisfaction.  The  orginal  impellers  and  shafts 
are  still  in  use. 

POWER    AND    TRANSMISSION. 

The  coarse-crushing,  jigging,  and  regrinding  sections  are  driven 
by  a  600-b.h.p.  BelHss  and  Morcom  high-speed  engine,  jointly  with 
a  600-kw.  synchronous  motor. 

The  power  is  transmitted  by  a  cotton  rope-drive  from  the  engine- 
drum  to  the  main  line  of  shifting. 

Gates  breakers  and  roll-feeders  are  belt-driven,  and  the  rolls  are 
gear-driven  from  the  main  line  of  shafting. 

A  second  rope-drive  extends  from  the  main  mill-shafting  to  the 
grinding  pan  countershaft,  from  which  jigs,  elevators,  and  screens 
are  belt-driven  through  the  jig  countershaft.  In  the  table  section 
the  tables  and   elevators   are  motor-driven. 

Two  35-b.h.p.  motors  are  required  for  the  tables. 
Two  35-b.h.p.       „  „  ,,  elevator. 

One  8-b.h.p.         „ 


ON  CONCENTRATING  PRACTICE,  BROKEN  HILL  SOUTH  LTD.     257 

Mill  Housing. — The  Gates  breakers,  crushed  crude -ore  bins,  rolls,, 
jigs,  and  grinding  pan  sections  are  housed  in  a  building  204  ft.  long 
by  132  ft.  \vide,  constructed  of  Oregon  and  covered  with  galvanized 
iron  where  covering  is  required. 

The  tables  are  housed  in  a  separate  building  of  similar  construc- 
tion, 191  ft.  long  by  160  ft.  wide.  The  floors  and  foundations  of  the 
mill  are  of  concrete. 

Since  the  above  system  ceased  work  in  May,  1919,  the  crusher 
and  jigging  end  was  destroyed  by  fire,  and  it  is  now  being  rebuilt 
under  new  design. 

When  the  De  Bavay  contract  terminates  a  fine-grinding  plant  and 
zinc  flotation  section  will  be  installed,  and  when  these  alterations  are 
completed  a  further  description  will  be  given. 

Part  II. 


THE  SLDIE  FLOTATION  PLANT. 

From  the  inception  of  the  first  gra\'ity  concentrating  mill  on  the 
mine  in  1894  to  November,  1916,  450,000  tons  of  slime  were  produced 
and  stocked  in  dams,   assaying — 

10.7  %  Pb,  5.9  oz.  Ag,  14.2  %  Zn. 

In  addition,  the  present  concentrating  mill  produced  up  to  1000 
tons  of  slime  per  week,  depending  upon  the  tonnage  hauled  from 
underground. 

The  average  grading  analyses  of  both  recent  dump  and  current 
slime  are  as  follows  : — 


Aper-  1      0/ 
ture  in !  ^^^^^^ 
mm.     1 

Assay. 

Proportion. 

%  Pb. 

,  Oz.  Ag. 

%  Zn.    %  Pb.  1  %  Ag.    o/^  Zn. 

60 

.211  !     3.5 

2.0 

'       .7 

3.6 

.7  }       .4  1     1.0 

100 

.127       5.1 

2.0 

1.3 

5.6 

1.0 

.9       2.1 

150    •      .. 

.084       4.5 

2.6 

1.4 

6.6 

1.1 

.9       2.2 

200 

.063 

1.0 

2.4 

1.4 

8.0 

.2 

.2  i       .6 

-200 

.063 

85.9 

11.5 

7.9 

14.6 

97.0 

97.6     94.1 

100.0 

1 
1 

1 

Average 

. . 

10.2 

1     7.0 

13.3 

100.0 

100.0  iioo.o 
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The  following  is  the  analysis  of  the  average  slime 


SiUca  (SiOs) 

/o 

.     36.6 

Lead  (Pb)            

.       9.6 

Arsenic  (As) 

.2 

Antimony  (Sb)    . . 

.1 

Cadmium  (Cd)    . . 

Copper  (Cu) 

.2 

Ferrous  oxide  (FeO) 

.       6.3 

Alumina  (AlgOg) 

.       3.7 

Manganous  oxide  (MnO) 

.       4.9 

Lime  (CaO) 

.       8.9 

Zinc  (Zn)            

.     12.6 

Sulphur  (S)          

.       9.0 

Carbon  dioxide  (CO 2)  - . 

.       6.9 

Fluorine  (F) 

.       1.0 

100.0 
Silver        . .  . .  . .         -. .  7  oz.  per  ton. 

The  main  minerals  present  are  : — Galena,  blende,  calcite,  pyrites, 
and  chalcopyrite. 

.    This  material,  when  treated  experimentally  by  the  earlier  flotation 
methods,  produced  a  collective  float  concentrate,  assaying — 

%Pb.      Oz.  Ag.       %Zii 
26.2        19.0        34.8 
and  a  purchaser  was    not  found  for   the  concentrate  on   account  of 
its  high  zinc  content. 

PATENTS. 

In  1913,  J.  F.  Lyster  and  T.  M.  Owen  each  independently  applied 
for  and  obtained  patents  for  a  preferential  flotation  process. 

The  Lyster  process  depended  upon  the  addition  of  a  frothing 
agent,  such  as  eucalyptus,  to  a  circuit  containing  a  large  proportion 
of  salts  in  solution,  such  as  is  usually  found  in  mine  waters  at  Broken 
Hill. 

The  Owen  process  depended  upon  the  addition  of  a  very  small 
amount  of  a  frothing  agent,  such  as  eucalyptus,  to  the  circuit,  and 
the  subsequent  violent  aeration  of  the  pulp. 
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Either  process  working  on  current  production  slime  {i.e.,  slime 
that  has  not  become  dry)  will  preferentially  float  the  galena  from 
the  blende  and  gangue  minerals,  the  blende  being  subsequently 
recovered  by  one  of  the  known  flotation  processes. 

EXPERIMENTAL. 

During  1913,  Owen,  whose  process  was  in  the  laboratory  stage, 
brought  it  under  the  notice  of  the  South  mine  management,  and  the 
officials  of  the  South  mine  proceeded  to  experiment  ^dth  and  develop 
the  process. 

The  first  experimental  apparatus  consisted  of  an  ordinary  two-litre 
glass  bell  jar,  inverted,  the  neck  being  closed  with  a  single  hole  rubber 
stopper,  fitted  with  a  glass  tube,  over  which  slipped  a  piece  of  rubber 
tube  with  clip.  Through  this  hole,  when  the  clip  was  opened,  air 
was  drawn  by  a  rapidly  revolving  impeller,  set  close  to  the  bottom  of 
the  jar.  The  apparatus  so  arranged  would  treat  a  charge  of  slime 
weighing  500  grm. 

The  tests  with  this  apparatus  proved  that  the  galena  could  be 
separated  from  the  blende  and  gangue. 

In  practice  the  froth  was  awkward  to  remove  with  the  above 
apparatus. 

A  second  experimental  vessel  was  then  constructed  of  brass,  with 
a  glass  sight-window,  and  operated  with  a  10-lb.  sample  of  slime. 

Fig.  14  shows  the  apparatus  in  which  all  of  the  early  tests  were 
conducted. 

The  following  is  a  descripton  of  the  operation  of  testing  the  ore 
with  the  above  apparatus  : — 

Ten  lb.  of  slime  is  taken  and  added  to  the  running  machine,  which 
already  contains  approximately  1  gal.  of  cold  water ;  the  frothing 
agent,  usually  eucalyptus  oil,  equivalent  to  0.1  lb.  per  ton,  is  added 
from  a  burette  ;  the  pulp  and  oil  are  then  churned  together  by  the 
impeller  of  the  apparatus  for  half  a  minute,  more  water  is  added, 
and  the  air  inlet  opened  ;  this  causes  a  heavy  froth  carrying  the 
galena  to  separate  and  overflow  into  a  launder  at  the  top  of  the 
apparatus,  thence  to  a  settling  tin  or  box. 

When  the  bulk  of  the  galena  has  frothed  off,  the  finest  portion  of 
the  blende  commences  to  rise,  changing  the  colour  from  the  I'lue  of 
galena  to  the  brown  of  blende.     This  is  the  main  indication  when 
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the  bulk  of  the  galena  has  floated  off.  With  practice  the  operator 
becomes  expert  in  noting  the  change  in  colour,  and  so  obtains  clean 
products. 

"When  the  bulk  of  the  galena  has  frothed  off,  the  air  inlet  is  closed, 
eucalyptus  (equivalent  to  0.5  lb.  per  ton)  and  the  requisite  quantity 
of  sulphuric  acid  cautiously  added,  the  air  inlet  is  again  opened,  and 
the  blende  frothed  off.  The  residues  are  then  drained  off  at  the 
bottom  of  the  vessel. 

When  running  a  number  of  experiments  it  is  much  more  con- 
venient to  calculate  the  weight  of  residue  from  the  usual  pulp  formula, 
which  depend  upon  the  specific  gravity  of  residue  and  water. 

Witli  this  type  of  apparatus  all  of  the  products  can  be  readily 
collected  and  sampled. 

The  following  is  a  typical  test  taken  from  amongst  a  batch  of  90 
separate  tests  carried  out  with  the  apparatus  on  South  mine  current 
slime  : — 

Weight  of  sample  taken,  10  lb. 

f  Water,  mill  circuit. 
Lead  flotation  <  Temperature,  20°  to  24°  C. 

(.  Oil,  eucalyptus,  0.1  lb.  per  ton  of  slime. 

(  Temperature,  20°  to  24°  C. 
Zinc  flotation  <  Oil,  eucalyptus,  0.5  lb.  per  ton  of  slime. 
(Mono-H2S04.  100  lb.  per  ton  of  slime. 


/o 
weight. 

Assay. 

PEOPORTIOISr. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

%  Ag. 

%  Zn. 

Lead  concentrate  . , 

12.5 

71.0 

46.0  !     7.5 

86.2 

84.5 

7.7 

Zinc  concentrate    . . 

19.1 

4.5 

3.5 

50.7 

8.3 

9.8 

80.0 

Zinc  middling 

2.2 

6.5 

3.0 

31.5 

1.0 

0.9 

5.7 

Final  residue 

66.2 

0.7 

0.5 

1.2 

4.5 

4.8 

6.6 

100.0 

10.3 

6.8 

12.1 

100.0 

100.0 

100.0 

In  the  early  development  of  the  Owen  process,  tests  were 
made  on  the  current  slime  material,  varying  the  conditions  so  as  to 
meet  all  possible  conditions  likely  to  occur  in  the  working  of  a  large 
plant. 
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From  the  results  of  these  laboratory  tests  a  unit  was  constructed 
to  treat  one  ton  of  material  in  one  charge.  This  apparatus  was 
cylindrical,  8  ft.  deep,  and  3  ft.  6  in.  diam. 

This  unit  was  at  first  fitted  with  two  4-in.  centrifugal  pumps  for 
agitating  and  aerating  the  pulp  ;  subsequently  an  auxiliary  air  supply 
was  added,  in  which  the  plain  jet  injector  and  porous  plates  ideas 
were  tried  out. 

Although  the  pneumatic  type  of  flotation  apparatus  has  been 
mostly  developed  and  brought  to  its  high  state  of  perfection  by 
American  metallurgists,  in  fairness  to  the  experimental  metallurgists, 
Messrs.  \V.  J.  M'Bride  (of  the  Broken  Hill  South)  and  W.  J.  Eose 
(of  Amalgamated  Zinc  Co.),  whose  work  was  interrupted  by  the  war^ 
we  place  on  record  that  they  were  trying  out  the  porous  bottoni  idea 
as  eariy  as  June,  1913. 

The  following  are  the  typical  results  obtained  by  the  one-ton 
unit : — 

Galena  Float  from  One-Ton  Unit, 

Table  ^^ 


^Means 

1           ^^         1 
^  1  aeration. 

Assay. 

Feed. 

COXCENTEATE.    |          RESIDUE. 

Recovebv. 

04Pb|0zAg|%Zii 

%  Pb  OzAg  %  Zn%  Pb  OzAg 

%Zn 

%pb 

%Ag'OoZn 

,  2  4-in. 

! 

pumps 

11.0 

7.5:13.6 

65.5 

41.410.1   3.53.5 

14.2 

72.0 

58.310.6 

o    Pumps 
•^    working 

! 

^  '  with       1 

j§     porous 

"S     plate  ..13.8 

16.0 

53.6 

42.9 

10.8  2.0  — 

15.3 

88.8 

10.5 

i    Pumps 
o     with       1 

air- jet 
injector|13.0 

9.8 

14.6 

61.3 

38.7 

9.4 

3.5i  2.3 

15.4 

77.6 

81.3   8.6 

After  completing  the  tests  on  the  one-ton  unit,  using  ]nim]\N.  the 
machine  was  altered  to  an  underdriven  agitating  unit. 

The  agitating  impeller  was  made  2  ft.  in  diam.,  with  four  blades 
set  at  right  angles  with  a  pitch  of  45°  (Mineral  Separation  type). 
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Development  of  Impeller.- — The  first  impeller  fitted  to  the  machine 
was  the  ordinary  Mineral  Separation  impeller,  2  ft.  diam.,  TN^ith  the 
blades  cast  with  a  pitch  of  45°.  The  impeller  was  driven  at  a  spindle 
speed  of  300  r.p.m. 

The  dimensions  of  the  unit  were  8  ft.  deep,  3  ft.  6  in.  diam.  The 
object  of  these  tests  was  to  try  and  develop  an  impeller  that  would 
draw  in  sufficient  air  from  the  atmosphere  to  thoroughly  aerate  the 
pulp,  similar  in  action  to  the  small  laboratory  machine. 

With  the  above  impeller  it  was  found  that  ^^ith  a  head  of  3  ft.  9  in. 
of  water,  air-suction  failed. 

A  12-in.  diam.  steel  plate  was  rivetted  on  to  the  top  of  the  impeller,. 
and  asain  tried,  when  it  was  found  that  suction  failed  with  5  ft.  head 
of  water. 

The  impeller  was  taken  out,  and  the  plate  on  top  increased  to 
18  in.  diam.  With  this  impeller  driven  at  400  r.p.m.,  and  with  an 
8-ft.  head  of  water,  the  air  suction  was  fair. 

Having  demonstrated  that  the  agitating  impeller  could  be  made 
to  draw  all  the  air  required  for  the  process,  the  design  with  four 
blades,  with  a  pitch  of  45°,  being  a  little  awkward  to  make,  a  cast-iron 
imx^eller  18-in  diam.  was  made  with  eight  1-in.  vertical  lugs  cast  to 
the  imderside  of  a  disc.  This  type  of  impeller  proved  to  be  quite 
satisfactory,  and  to  draw  more  air  per  minute,  and  against  a  greater 
head  of  water,  than  the  type  with  45°  blades. 

This  type  of  impeller  was  the  result  of  experiment  and  design  of 
both  the  chief  engineer  and  chief  metallurgist,  who  were  seized  of  the 
great  importance  of  thoroughly  incorporating  air  with  the  pulp,  and 
also  to  invest  the  machine  with  the'  property  of  drawing  its  own  air. 

This  was  the  first  working  machine  constructed  in  Broken  Hill  of 
the  sub-aeration  type. 

Although  credit  has  been  given  to  the  Sulphide  Corporation  for 
having  introduced  the  sub-aeration  machine,  and  it  has  frequently 
been  referred  to  in  letterpress  as  the  Hebbard-Harvey  sub-aeration 
type,  the  officers  of  the  Sulphide  Corporation  first  saw  it  in  the 
South  mine  experimental  unit  on  the  23rd  July,  1913,  and  had 
treated  in  this  unit  a  parcel  of  Central  mine  Mineral  Separation  plant 
slime  and  sand  feed,  afterward  incorporating  this  idea  in  their  own 
plant.  The  Sulphide  Corporation's  first  experimental  unit  of  the 
above  type  was  christened  by  them  ''  the  M'Bride  plant." 
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Small  Experimental  Continuous  Unit. — A  six-vessel  continuous 
plant,  capable  of  handling  one  ton  per  hour,  was  erected.  At  the 
beginning  very  poor  results  were  obtained,  and  after  a  good  deal  of 
adjustment  the  results  were  improved,  but  they  were  not  as  good  as 
the  results  from  the  batch  unit.  The  following  statement  shows 
the  results  of  work  from  this  apparatus  : — 

Small  Continuous  Experimental   Unit — Galena  Float. 

Table  VI. 


No. 

Feed. 

Concentrate. 

Residue. 

Rbcoveey. 

%  Pb. 

%  Zn. 

%  Pb. 

%  Zn. 

%  Pb. 

%  Zn. 

%  Pb. 

1 

1 

12.5 

13.5 

51.0 

15.7 

7.5 

14.0 

46.8 

2 

12.8 

13.7 

48.0 

13.7 

5.0 

13.2 

68.0 

3 

12.0 

13.6 

39.0 

14.3 

5.4 

13.4 

^       63.8 

4 

12.1 

14.0 

60.0 

10.4 

4.0 

13.7 

!       71.8 

5 

10.7 

15.0 

59.0 

9.2 

5.2 

13.5 

'       56.3 

o 

11.2 

14.1 

52.0 

12.0 

7.0 

14.5 

43.3 

7 

12.6 

13.6 

52.5 

12.0 

6.1 

15.8 

58.4 

8 

11.7 

13.8 

54.0 

13.1 

4.5 

14.0 

'       67.2 

9 

10.6 

13.8 

52.0 

12.0 

3.3 

14.0 

.       73.4 

Batch  ?7n^Y.— Further  tests  were  then  made  with  the  8  ft.  x 
unit  to  check  the  previous  tests. 

The  following  results  were  obtained  : — 

Batch  Unit  S  ft.  x  3  ft.  6  in.  Galena  Float, 
Table  VII. 


ft.  6  in. 


Feed. 

Concentrate. 

Residue.          i  Recovery. 

No 

%Pb. 

Oz.Ag. 

%Zn. 

%Pb. 

Oz.Ag 

%Zn. 

%Pb. 

Oz.Ag 

%Zn. 

%Pb. 

%Ag. 

1 

11.7   7.6 

12.6 

61.0 

43.0 

7.5 

1.1 

1.6 

11.5 

92.2 

82.1 

2 

12.0 

7.6 

12.5 

63.0 

41.3 

7.1 

1.6 

1.9 

10.8 

88.9 

78.7 

3 

11.5 

7.2 

12.5 

56.0 

43.6 

9.6 

2.9 

2.2 

12.7 

78. r 

73.2 

4 

10.6 

6.8 

14.1 

52.5 

41.0 

12.0 

1.4 

1.3 

14.5  89.1 

83.5 

5 

10.7;  7.0 

14.6 

60.0 

45.6 

9.0 

2.0 

1.7 

15.5!  84.2 

78.7 

6 

10. 3|  6.6 

14.7 

58.0 

42.0 

10.5 

2.4 

1.6 

15.0 

80.0 

78.6 
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DUMP   OR   ACCUMULATED   SLIME, 

The  Company's  accumulated  dumps,  amounting  to  450,00)0  tons, 
were  sampled,  and  average  parcels  tested  out  by  the  new  process. 

These  tests  showed  that,  as  long  as  the  slime  sample  came  fresh 
from  the  interior  of  the  dump,  a  fair  recovery  of  the  lead  and  silver 
could  be  expected  by  the  process,  but  directly  the  slime  became  air- 
dried,  or  weathered,  the  preferential  float  for  lead  was  partially 
inhibited  ;  this  is  clearly  shown  in  the  following  two  tests. 

The  following  are  tyj^ical  results  obtained  experimentally  by  the 
process  working  on  the  dump  slime  : — 

Sample  of  Slime  from  Interior  of  Dumj),  carrying  25%  moisture,  floated 

with  0.1  lb.  eucalyptus. 


%  weight. 

Assay. 

Recovery. 

^o  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

ro  Ag. 

",>  Zn. 

7.1 
7.1 

5.0 

80.8 

46.0 
36.4 
27.0 
2.6* 

33.3 

27.4 

19.6 

1.3 

20.5 

27.6 

30.1 

9.4 

35.0 
27.8 
14.6 
22.6 

37.3 
30.7 
15.5 
16.5 

11.6 
15.6 
12.0 
60.8 

100.0 

9.3 

6.3 

12.5 

100.0 

100.0 

100.0 

*  0.5  %  Pb  oxidized. 

Sample  of  Slime  from   Interior   of  Dump,   air-dried   and   treated   vitli 

0.1  lb.  eucalyptus. 


%  weight. 

Assay. 

Recovery. 

%  Pb.  . 

Oz.  Ag. 

%  Zn. 

%  Pb. 

Oz.  Ag.  • 

%  Zn. 

4.0 
96.0 

32.7 
8.6* 

— 

14.7 
12.8 

13.7 
86.3 

4.6 
05.4 

100.0 

9.6 

— 

12.9 

100.0 

— 

100.0 

*  1.5  %  Pb  oxidized. 


SUMMARY    OF    LABORATORY    AND    ONE-TON    UNIT    EXPERIMENTS. 

1.  The  experiments  indicated  that,  on  a  commercial  scale,  the 
process  would  give  a  preferential  galena  float  containing  the  bulk  of 
the  lead  and  silver  on  the  fresh  current  slime  from  the  concentratinij  mill 


266  W.  E.  WAINWEIGHT  AND  T.  A.  READ 

2.  With  slime  fresh  from  the  dump  a  fair  preferential  galena  float 
could  he  obtained. 

3.  With  slime  that  had  become  air-dried  and  partially  oxidized, 
the  preferential  galena  float  became  very  much  retarded,  and  at  time  > 
entirely  inhibited. 

4.  Coarse  galena  {i.e.,  plus  100  mesh,  .127  mm.)  would  not  prefer- 
entially float  from  the  blende  and  gangue. 

5.  Onlv  very  small  quantities  of  a  frothing  agent  were  required. 

6.  With  current  slime  a  concentrate  of  60  %  grade  with  a  recovery 
of  80  %  of  the  lead  could  reasonably  be  expected. 

As  a  result  of  the  experimental  tests  and  development  of  the  process, 
the  management  decided  to  erect  a  plant  to  treat  half  of  the  current 
mill  slime — 

(rt)  For  preferential  flotation  of  galena. 
(h)  For  subsequent  flotation  of  the  blende. 

Provision  was  made  in  the  general  lay-out  to  enlarge  the  plant  so 
that  it  would  have  a  capacity  for  the  treatment  of  the  whole  of  the 
current  slime  produced  in  the  gravity  mill — i.e.,  approximately  1100 
tons  per  week,  and,  in  addition,  to  treat  1000  tons  of  dump  slime 
per  week.  One  unit  of  this  plant  was  completed  and  put  into  opera- 
tion in  July,  1916. 

The  Commercial  Flotation  Plant. 

Description  of  Flotation  Cell.— The  flotation  cell  adopted  for  the 
plant  was  worked  up  from  the  laboratory  vessel  and  one-ton  unit 
experiments,  and  is  the  design  of  J.  C.  Cunningham,  the  company's, 
chief  engineer. 

The  design  of  the  vessels  and  the  aerating  impellers  is  original.  Its 
chief  advantage  is  that  the  head  of  pulp  and  the  apparatus  for  con- 
trolling the  head  are  self-controlled  in  each  cell. 

Fig.  16  shows  the  arrangement  of  the  cells,  and  Fig,  13  shows  the 
general  lay-out  of  the  plant. 

The  Flotation  Cdl.—The  cell  consists  of  a  cast-iron  vessel  7  ft.  deep, 
3  ft.  6  in.  diani.,  provided  with  baffles. 

The  f^lls  are  connected  to  each  other  by  a  4-in.  diam.  x^ipe,  through 
which  the  pulp  flows  to  the  following  vessels  of  the  series.  The 
agitation  and  aeration  of  the  pulp  is  performed  by  a  disc  impeller 
in  each  cell. 
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The  Impeller. — To  the  writers  the  impeller  is  known  as  a  "  disc 
impeller.  The  design  of  it  was  worked  up  from,  the  one-ton  vessel 
experiments,  wherein  it  was  shown  that  by  attaching  a  steel  plate 
over  the  Mineral  Separation  type  of  impeller,  the  head  of 
water  throuoh  which  it  would  draw  air  was  increased  from  3  ft. 
to  8  ft. 

The  impeller  is  made  of  cast  iron,  it  is  18  in.  diam.,  and  is 
provided  on  the  bottom  with  eight  radial  blades,  2 J  in.  deep, 
and  on  the  top  with  six  volute  blades,  1  in.  deep,  extending  to 
6  in.  radius.  The  volute  blades  on  the  impeller  are  used  for  pump- 
ing the  pulp  from  the  preceding  cell.  Fig.  18  shows  details  of  the 
impeller. 

Connections  from  Cell  to  Cell. — This  is  with  a  4-in.  pipe  flanged  on 
to  each  vessel ;  the  4-in.  pipe  extends  into  each  vessel,  and  terminates 
in  each  case  with  a  flange. 

Control  of  Pulp  in  Each  Cell. — This  is  best  described  by  considering 
two  cells.  In  the  second  cell  the  4-in.  connecting  pipe  extends  to 
the  centre  of  the  vessel,  and  terminates  with  a  12-in.  diam.  flange. 
This  flange  is  parallel  to  and  has  a  J-in.  clearance  from  the  top  of 
the  impeller.  It  will  be  seen  that  the  top  side  of  the  revolving 
impeller  now  acts  as  a  centrifugal  pump,  and  its  function  is  to  draw 
the  pulp  from  the  preceding  vessel  of  the  series. 

With  such  an  arrangement  of  pumps  in  an  apparatus,  all  pumps 
may  not  be  drawing  equal  volumes  of  pulp,  due  to  mechanical 
defects,  wear,  etc.  To  take  care  of  this  irregularity,  and  to  give 
perfect  control  over  each  cell  in  the  series,  Mr.  Cunningham  has 
designed  and  patented  a  float  control  for  the  system,  which  is  shown 
in  Fig.  17. 

The  following  is  a  description  of  the  control : — 
The  4-in.  connecting  pipe  is  extended  into  the  centre  of  the  first 
vessel,  and  terminates  in  a  cast-iron  flange.  A  sleeve,  18  in.  long 
and  4 J  in.  diam.,  fitted  with  a  flange,  is  bolted  to  the  cast-iron  flange 
of  the  connecting  pipe  ;  three  2J-in.  distance  pieces  are  placed  between 
these  two  flanges,  so  that  there  is  a  2J-in.  opening  to  allow  the  pulp 
to  flow  through. 

Fitting  loosely  in  the  sleeve  is  a  4-in.  diam.  pipe,  8  ft.  long  ;  this 
is  made  so  that  it  moves  freely  in  the  sleeve,  past  the  distance  pieces, 
and  forms  a  seat  on  the  inner  edge  of   the    cast-iron  flange  of   the 
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connecting  pipe.     Attached  to  this  pipe  is  a  float,  18  in.  diam.  bj 
2  ft.  deep,  made  either  of  copper  or  galvanized  iron. 


Fui.  17. 
Flotation  Cell  Float  Control. 


The  float  is    adjusted  by  means  of    a  collar  and  pin-holes  in  the 
4-in.  pipe. 
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Once  the  float  is  adjusted  upon  the  8-ft.  pipe  to  give  the  required 
pulp  level  in  each  vessel,  any  tendency  for  one  impeller  to    pump 


Fig.   18. 
Impeller. 


faster  than  the  other  is  taken  care  of  by  the  pipe,  with  float  attached, 
«ither  seating  past  the  distance  pieces  or  opening  sufficiently  to  allow 
the  pulp  to  flow  more  rapidly. 
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The  whole  4-in.  pipe  from  the  impeller  to  the  top  of  the  float  is 
open  to  the  atmosphere,  and  thus  becomes  an  "  air-balanced  valve." 

In  practice,  this  float  control  has  worked  exceptionally  well ;  the 
variations  in  pulp  level  are  never  greater  than  H  in.,  and  on  one 
setting  of  floats  the  plant  will  operate  for  weeks. 

With  this  system  of  control,  all  of  the  flotation  vessels  can  be 
erected  on  the  one  floor  level,  the  variations  in  depth  of  froth  being 
varied  by  the  control. 

In  the  nine-vessel  unit  at  the  South  mine  the  cells  are  aii  on  the 
one  floor  level.  The  first  cell  operates  with  a  15-in.  depth  of  froth, 
and  there  is  gradual  decrease  until,  at  the  end  or  ninth  vessel,  the 
depth  of  froth  is  4  in. 

Baffles. — The  South  mine  s^fcarted  ofi  with  cast-iron  baffles  extending 
half-way  up  the  cell,  but  has  finally  adopted  a  wrought-iron  spider 
baffle,  12  in.  deep,  immersed  to  3  ft.  6  in.  from  the  top  of  the  cell. 

Aeration  of  Pulp. — The  air  necessary  for  the  process  is  drawn  into 
the  pulp  at  the  bottom  of  the  vessel,  through  two  1-in.  pipes,  by  the 
suction  of  the  impeller.  The  pipes  are  connected  to  a  IJ-in.  pipe, 
which  extends  to  the  operating  floor,  where  the  quantity  of  ai  • 
admitted  is  controlled  by  a  IJ-in.  plug  cock. 

The  two  1-in.  pipes  are  tapped  into  the  bottom  of  the  vessel,  and 
enter  a  recessed  ring,  6  in.  diam.  by  1  in.  x  1  in.  Over  this  recess 
is  fitted  a  cast-iron  wearing  plate,  provided  with  six  f  in.  diam.  holes 
for  air  admission. 

Bottom  of  Cell. — This  is  made  in  two  portions,  and  is  shown  in 
Fig.  19.  The  outer  portion  is  a  plain  plate,  5  ft.  square,  \N'ith  a 
central  opening  2  ft.  OJ  in.  diam. 

A  recessed  cast-iron  plate  with  a  boss  bolted  to  the  bottom  plate 
covers  the  central  opening.  It  is  through  this  boss  that  the  spindle 
of  the  impeller  passes.  The  boss  is  machined  out  to  take  the 
necessary  brass  bush  and  cotton  packing  to  form  a  water-tight 
gland. 

Fitting  into  the  recess,  where  the  two  bottom  plates  are  bolted 
together,  is  the  cast-iron  wearing  plate  referred  to  under  "  Aeration 
of  Pulp." 

Bridle  Mounting  the  Driving  Wheel  and  Spindle.— ^oM^d  to  the 
bottom  of  the  vessel  is  a  heavy  cast-iron  bridle,  with  3  ft.  6 J  in.  centres. 
A  boss  is  cast  in  the  centre  of  the  bridle,  and  is  machined  out  to  take 
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the    long    white    metal    bush    of    the    impeller    spindle    shown    in 
Fig.  19.  '  ^ 
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The  spindle  carrying  the  impeller  is  2J  in.  diam.  and  3  ft.  2  in.  long, 
the  impeller  being  screwed  on. 

Clearance  of  Impeller. — This  is  set  approximately  J  in.  off  the 
wearing  plate,  and  is  regulated  by  means  of  a  heavy  set  screw  and 
lock-nut  at  bottom  of  the  footstep  bearing. 

Footstep  Beariyig. — The  bearing  that  is  used  is  shown  in  Fig.  19. 
The  wearing  surfaces  are  hard  steel  on  hard  cast-iron. 

Oiling  of  Footstep  Bearing  and  White-Metal  Bush. — This  is  done 
automatically  by  a  rotating  disc,  and  is  shown  in  Fig.  19.  Above 
the  boss  carrpng  the  white  metal  bush  is  a  machined  recess, 
12 J  in.  diam.  by  IJ  in.  deep,  fitted  with  a  cover.  Screwed  on  to  the 
impeller  spindle  is  a  disc  10  in.  diam.  and  f  in.  thick,  which  rotates 
with  the  spindle  in  the  above  recess.  An  outside  receiver,  which  holds 
approximately  J-gal.  of  oil,  is  connected  by  |-in.  pipe  to  the  footstep 
bearing,  and  with  a  return  pipe  from  the  disc  recess. 

Oil  flows  by  gra\'Lty  to  the  footstep,  and  is  drawn  by  the  centrifugal 
action  of  the  rotating  disc  through  the  oil  channels  of  the  white-metal 
bush  into  the  recess,  and  from  there  gravitates  to  the  oil  receiver. 

COMPLETED    FLOTATION    UNIT. 

The  flotation  unit  completed  consisted  of  six  vessels,  with  a  mixer 
vessel.  They  were  arranged  five  vessels  in  series  with  the  mixer,  the 
sixth  vessel  being  used  for  refloating  the  lower  grade  concentrate  pro- 
duced from  the  fourth  and  fifth  vessel  of  the  series. 

With  this  arrangement  the  concentrate  produced  assayed — 
63.1  %  Pb,  41.3  oz.  Ag,  10.1  %  Zn. 

The  smelter  contract  called  for  a  60  %  grade  of  lead  concentrate. 

As  the  flotation  concentrate  assayed  considerably  above  60  %, 
the  re-treating  system  was  cut  out,  and  the  flotation  units  re-arranged, 
with  the  six  vessels  in  series  with  the  mixer  vessel.  Figs.  20  and  21 
show  the  arrangement  and  re-arrangement  of  flow. 

The  plant  ran  from  29th  July  to  28th  October,  1916,  as  shown  in 
the  re-arranged  flow-sheet,  when  it  was  altered  to  six  vessels  only, 
working  in  series,  the  mixer  vessel  being  dispensed  with,  and  the 
frothing  agent  added  direct  to  the  feed  box. 

Minor  alterations  were  made  from  time  to  time,  with  the  object 
of  increasing  the  tonnage,  until  finally  the  plant  was  increased  to 
a  nine-vessel  unit. 

The  following  table  gives  particulars  of  tonnages  of  slime  treated, 
with  the  various  alterations  : — 

n  '1 
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THE    PRACTICE   OF   FLOTATION — CURRENT   MILL   SLIME   FOR    LEAD    ONLY. 

Fig.  22  shows  the  general  flow-sheet  of  the  plant  as  now  arranged. 
The  slime  produced  in  the  gravity  concentrator  gravitates  to  a  nest 
of  six  elevators,  which  distribute  the  slime  to  four  25-ft.  Dorr 
thickeners.  The  central  feed  pipe  of  the  thickeners  is  2  ft.  8  in.  diam., 
and  is  submerged  to  a  depth  of  4  ft.  6  in.  The  speed  of  the  rakes  in 
the  thickener  is  one  revolution  in  3J  minutes. 

The  slime  pulp  enters  the  thickener  containing  2-|  %  solids  by 
weight,  and  the  thickeners  deliver  a  thickened  pulp  containing  55  % 
solids  by  weight.  The  clear  overflow  water  from  the  thickeners  is 
returned  to  the  mill  sumps.  Later,  all  thickeners  were  provided  with 
an  automatic  discharge  apparatus,  whose  function  was  to  regulate 
the  density  of  the  thickener  discharge.  A  description  is  given  later- 
Water  from  the  flotation  circuit  is  added  to  the  thickened  pulp, 
thinning  it  down  to  45  %  solids  by  weight.  In  practice  it  was  found 
that  a  pulp  containing  45  %  solids  gave  the  best  work. 

The  frothing  agent,  which  is  usually  eucalyptus  oil,  is  added  to  the 
pulp,  after  it  leaves  the  thickeners,  and  is  on  its  way  to  the  elevators, 
where  it  is  more  or  less  beaten  in. 

The  oiled  pulp  is  elevated  by  one  of  a  pair  of  elevators,  and  the 
elevator  discharge  passes  over  a  sampling  machine.  The  sample 
taken  serves  for  estimating  the  tonnages  treated  and  the  assay  value 
of  the  feed.  A  description  of  this  machine  is  given  later.  The  ]Hilp 
then  flows  into  the  feed  box  of  the  flotation  unit,  from  which 
it  passes  to  the  first  cell  of  the  series  of  nine,  where  it  is  aerated 
by  air  drawn  from  the  atmosphere  by  the  impeller  of  the  flotation 
cell. 

The  lead  concentrate  is  frothed  over  the  upper  edge  of  the  flotation 
vessel  or  cell,  and  collects  into  a  common  launder,  while  the  residue 
passes  to  the  second  cell,  where  it  is  further  aerated,  and  a  further 
portion  of  the  galena  concentrate  frothed  over,  and  so  on  through 
the  whole  series  of  nine  cells.  The  residue  from  the  ninth  vessel  flows 
to  an  elevator,  where  it  is  delivered  to  one  20  and  two  25-ft.  diam. 
Dorr  thickeners.  The  product  from  the  thickeners,  containing  ap- 
proximately 50  %  of  solids  and  90  %  of  the  zinc  contents  of  the  slime, 
by  weight,  flows  to  an  elevator.  The  elevator  discharge  delivers  to 
a  4-in.  pipe,  which  runs  the  slime  to  a  storage  dam. 
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The  clear  overflow  from  the  thickeners,  as  well  as  clear  water 
drained  oil  the  dam,  is  pumped  back  to  the  flotation  circuit  with  4-in. 
centrifugal  pumps. 

Lead  Concentrate. — The  lead  concentrate  which  is  frothed  off  flows 
into  a  common  launder,  and  is  elevated.  The  discharge  of  the 
elevator  flows  over  a  sampling  machine,  and  then  to  a  Dorr  agitator. 

The  Dcrr  agitator  is  20  ft.  diam.  and  10  ft.  deep.  The  speed  of 
the  rakes  in  the  agitator  is  6  r.p.m.,  and  serves  to  break  up  the  froth. 
The  agitator  holds  approximately  one  week's  production  of  flotation 
concentrate,  and,  to  enable  a  thickened  concentrate  pulp  to  be  fed  to 
the  filter  press,  the  agitator  has  three  2-in.  pipes  with  plug  cocks 
tapped  in  the  side.  They  are  18  in.  apart  (vertical),  so  that  the 
clear  water  can  be  drawn  off. 

Filter  Pressing. — The  lead  concentrate,  thickened  to  a  ratio  of 
50  %  solids,  by  weight  flows  to  the  suction  of  an  Aldrich  3-throw 
plunger  pump,  and  is  then  pumped  to  one  of  the  two  Dehne  filter 
presses. 

The  presses  used  are  50-leaf,  3  ft.  x  3  ft.  x  3  in.,  and  when  full  of 
concentrate  each  press  holds  nine  tons. 

No  washing  of  the  filter  cake  is  required,  the  filter  pressing  being 
required  only  for' drying  the  concentrate  before  railing  to  the  smelter 
at  Port  Pirie. 

The  pressed  concentrate  leaves  the  filter  containing  7  %  to  10  % 
moisture.  The  dried  cake  of  lead  concentrates  is  dropped  from  the 
press  through  a  grid  and  hopper  on  to  a  conveyor  belt,  and  is  sub- 
sequently elevated  to  a  storage  vat. 

The  cake  of  concentrate  during  transit  on  the  conveyor  and  on  the 
elevator  is  broken  up  so  that  the  bulk  of  it  will  go  through  a  |-in. 
screen,  which  is  a  condition  required  by  the  smelters. 

Variations  in  the  Physical  Conditions  of  the  Feed.— In  the  ordinary 
course  of  treatment  the  lead  concentrate  froths  over,  having  a  small, 
compact,  heavily-loaded  bubble,  possessing  the  usual  bright  blue 
lustre  of  the  galena.  At  times,  when  ore  mined  in  the  oxidized  zones 
of  the  mine  and  old  tailings  used  for  underground  filling  contaminate 
the  ore  from  underground,  the  froth  changes  to  a  dirty  grey  colour, 
carrying  large  quantities  of  gangue  minerals,  particularly  calcite. 

The  same  dirty  grey  froth  always  makes  its  a])pearance  on  the 
flotation  plant  when  cutting  in  a  section  of  the  gravity  concentrator 
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wliich  has  been  down  for  repairs,  and  whilst  down  for  repairs  the 
residue  tailings  are  allowed  to  become  air-dried.  South  mine  practice 
now  is  to  circulate  water  through  the  section  which  is  Closed  down, 
so  as  to  keep  all  parts  wet. 

When  this  dirty  grey  froth  contaminates  the  concentrate  in  the 
storage  agitator  prior  to  filter  pressing,  it  is  impossible  to  dry  the 
cake  below  16  %  moisture  by  the  usual  method.  A  16  ^^  moisture 
is  not  acceptable  by  the  smelters.  The  old  practice  was  to  dump 
the  concentrate  on  the  ground  and  air-dry  it. 

The  retention  of  water  in  the  cake  is  due  to  colloid  calcite  in  the 
concentrate,  and,  to  overcome  this,  the  lead  concentrate  in  the 
storage  agitator  is  treated  with  approximately  30  lb.  sulphuric  acid 
per  ton  of  concentrate.  The  moisture  in  the  concentrate,  after  filter 
pressing,  is  then  reduced  to  under  10  %. 

CapaciUj  of  Flotation  Plants. — The  unit  described  above  has  had  a 
capacity  of  nine  tons  of  slime  per  hour,  and  is  capable  of  treating 
a  considerable  extra  tonnage  without  unduly  increasing  the  tailings 
loss. 

Power. — The  plant  requires  200  kw.,  equal  to  22.7  kw.  hour  per 
ton  of  ore  treated. 

Volume  of  Air  Drawn  into  Each  Cell. — The  volume  of  air  drawn  into 
each  cell  by  the  impeller  f or .  a^erating  the  pulp  is  2200  cub.  ft.  per 
hour.  The  volume  of  air  admitted  to  the  cell  is  controlled  by  a  1  J-in. 
plug  cock  on  the  work  floor. 

Frothing  Agent. — Straight  crude  eucalyptus  oil  is  used  for  the 
frothing  agent.  The  consumption  of  eucalyptus  is  very  low,  aver- 
aging 0.05  lb.  per  ton  of  slime  treated. 

The  South  mine  has  tested  a  large  number  of  wood  and  coal-tar 
destructive  distillation  products  for  flotation  work,  with  the  result 
that  none  of  them  proved  as  satisfactory  as  the  eucalyptus. 

Pulp  Sampling  Machine.— "Yh^  machine  used  for  determining  the 
tonnage  of  slime  treated,  and  at  the  same  time  cutting  out  the  sample 
for  assay  purposes,  is  the  design  of  Mr.  J.  C.  Cunningham,  and  is 
covered  by  Patent  No.  6648,  1906.  Fig.  26  shows  the  details  of 
the  machine.  The  apparatus  consists  of  two  superimposed  hollow 
cones  revolving  in  opposite  directions  upon  a  vertical  spindle.  The 
cones  are  so  arranged  that  the  uppermost  cone  receives  around  its 
apex,  and  then  uniformly  distributes  over  its  surface,  the  material 
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to  be  sampled,  and  discharges  a  certain  section  of  the  slime  pulp  to 
the  lower  cone  through  an  opening.  The  sample  taken  by  this  cone 
is  a  continuous  one.  The  bottom  cone,  which  revolves  in  the  opposite 
direction  to  the  top  one,  receives  the  cut  from  the  top  coiie,  on  its 
upper  surface,  and  a  further  fraction  of  the  sample  is  cut  out  by  the 
cutter,  and  opening  provided,  and  discharged  into  a  suitable  con- 
tainer, while  the  main  pulp  stream  overflows  the  edge  of  the  cones 
into  the  body  of  the  machine  and  is  delivered  to  a  launder.  The  cut 
taken  by  this  lower  cone  is  intermittent,  and  the  position  at  which 
this  sample  is  taken  has  a  rotary  cycle.  In  this  way  irregularity  of 
flow  over  the  cones  is  averaged.  The  two  cones  are  contained  in  a 
cast-iron  casing  suitably  arranged  to  carry  away  the  main  pulp 
stream.  The  work  done  bv  the  machine  is  good,  and  gives  an  excellent 
check  on  the  tonnage  treated.  Similar  machines  are  placed  on  the 
residue  discharge  and  concentrate  discharge  elevators. 

Dorr  ThicJcener  Dischargers. — Float-controlled  discharge  valves  for 
discharging  the  Dorr  thickeners  are  employed  on  all  Dorr  thickeners. 
These  are  the  invention  of  Mr.  J.  C.  Cunningham  (Patent  No.  9470, 
lyi8).  Fifj.  25  illustrate."  the  apparatus  and  its  application.  Users 
of  Dorr  thickeners  know  the  trouble  that  occurs  when  regulating 
the  discharge  by  a  man.  Twisted  shafts  and  such  like  are  not 
unknown.  The  automatic  apparatus  illustrated  still  requires  to  be 
watched  by  an  operator,  in  case  of  chokes  occurring.  Its  function  is 
to  increase  the  discharge  opening  when  an  increased  quantity  of  pulp 
settles  on  the  bottom  of  the  thickener.  The  principle  involved  is  ^8 
follows  : — For  a  given  opening  a  certain  quantity  of  pulp  of  a  fairly 
uniform  density  will  be  discharged.  If  an  increased  tonnage  be 
passed  into  the  thickener  there  will  be  a  gradual  increase  in  the  density 
of  the  pulp  in  the  thickener,  which  causes  the  float  of  the  ap)>aratus 
to  rise,  and  opens  the  valve  further.  The  density  of  pulp  discharged 
is  varied  to  suit  ])lant  operations  by  loading  the  float  to  the  desired 
extent.  In  practice  it  is  found  that  the  density  is  closely  controlled 
by  the  apparatus.  This  is,  in  flotation  plants,  a  feature  of  con- 
siderable im])ortance. 

Grade  of  Concentrate  and  Rccorery  from  Current  Slime. — From  the 
inception  of  flotation  in  July,  1916,  to  May,  1919,  the  following  are 
the  tonnages  of  current  sliinc  treated  with  the  lead  section  of  the 
flotation  plant  : — 
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Table  IX. 


Tons. 

% 

Assay. 

Recovery. 

%Pb. 

Oz.Ag. 

%  Zn. 

%Pb. 

Oz.Ag. 

%Zn. 

Lead  concentrate  . . 
Lead  residue 

12,706 
76,241 

14.3 

85.7 

61.2 
2.5 

10.9 

46.9 
1.5 

8.4 
13.9 

80.5 
19.5 

83.6 
16.4 

9.1 

90.9 

Total 

88,947 

100 

8.0 

13.1 

100 

100 

100 

The  sjrading  analysis  of  the  lead  concentrate  shows  that  the  bulk 
of  the  lead  is  — 200  mesh  I.M.M.  screen  less  than  .063  mm.,  the 
following  being  a  typical  grading  analysis  : — 


Aper- 
ture in 
mm. 

% 

weight. 

Assay. 

Proportiost. 

o/oPb.i  Oz.Ag. 

%  Zn. 

%  Pb. 

%  Ag.    %  Zn. 

+  200 
-200 

.063 
.063 

.5 
99.5 

13.0  i     4.6 
61.5     47.1 

4.9 

8.4 

.1 
99.9 

.1          .3 
99.9  1  99.7 

100      1  61.2 

46.9 

8.4 

100 

100       100 

Sectional  Samples  taken  from  the  unit  show  a  gradual  decrease  in 
the  assay  value  of  both  concentrate  and  residue. 
The  following  is  a  typical  set  of  figures  : — 


Feed,  9  tons  per  hour 


Assay. 


%  Pb. 


10.5 


Oz.  Ag. 


8.0 


%  Zn. 


13.0 


Concentrate. 

Residue. 

Products. 

Assay. 

Assay. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

Cell  No.  1  . . 

74.4 

63.6 

2.8 

9.8 

6.8 

13.1 

..     No.  2  .. 

74.0 

58.0 

3.0 

8.9 

6.0 

13.4 

„     No.  3  . . 

70.8 

54.4 

4.5 

7.7 

4.8 

13.2 

„     No.  4  . . 

70.8 

52.0 

4.7 

6.7 

4.4 

13.3 

„     No.  5  . . 

65.0 

49.0 

5.2 

5.0 

3.2 

13.6 

„     No.  6  . . 

60.0 

44.4 

6.6 

4.2 

2.6 

13.6 

„     No.  7  . . 

58.2 

45.2 

7.1 

3.7 

2.4 

14.1 

„     No.  8  . . 

50.8 

40.0 

10.5 

2.4 

1.6 

13.8 

„     No.  9  . . 

35.0 

26.0 

1     14.9 

1.8 

1.2 

13.8 
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Camposition  of  Flotation  Concentrate. — The  following  analyses  show 
the  typical  composition  of  the  flotation  lead  concentrate  produced 
from  current  slime  ; — 


0/ 

0 

SiOo      . 

3.00 

Pb 

.       61.10 

Cu 

1.10 

Ag,  46  oz.      As 

.06 

Sb 

.28 

FeO       . 

4.10 

AI2O3   . 

1.60 

MnO      . 

1.90 

CaO       . 

2.40 

COr,          . 

1.40 

S 

.       14.80 

Zn 

8.40 

Totj 

il 

• 

.     100.14 

NOTES  ON  THE  SILVER  VALUES  OF  THE  CRUDE  ORE. 

The  preferential  flotation  of  the  crude  slimes  shows  that  the 
mineral  carrying  the  silver  value  of  the  crude  ore  is  either  a  separate, 
easily-floated  sulphide,  or  is  closely  intermixed  with  the  galena.  This 
point  was  considerably  cleared  up  during  some  tests  made  on  some  fine 
material  classified  out  from  the  zinc  tails.  This  material  was  prefer- 
entially floated  in  a  cascade  box.  The  concentrate  separating  out  in 
the  launder  had  a  brassy  appearance  and  had  the  following  assay  : — 


47  %  Pb, 


65.2  oz.  Ag,  11.2%  Zn,  4.7%  Cu. 


This  concentrate   was    carefully  graded  and  assayed,  the  results 


being 


%  weight. 

Assay 

• 

%  Pb. 

Oz.  Ag.      t 

Oo  Zn. 

%Cu. 

+  60  . . 

3.0 

3.0 

123.8 

10.1 

14.2 

-flOO  .. 

7.0 

6.6 

140.0 

16.5 

15.5 

+  120  .. 

4.0 

9.9 

107.4 

23.0 

13.1 

+  150  .. 

5.0 

14.3 

91.8 

27.3 

10.1 

+  200  .. 

11.0 

32.0 

73.8 

12.7 

7.H 

-200  . . 

70.0 

59.4 

50.4 

9.0 

2.5 

100.0 

46.8 

65.9 

11.8 

5.1 
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These  figures  plainly  show  that  the  silver  follows  the  copper, 
the  copper  mineral  being  chalcopyrite.  Later  tests  show  the  silver 
rising  up  to  320  oz.  per  ton  in  the  sized  products,  a  typical  test 
being — 

Average  lead  concentrates — 

59.4  %  Pb,  82.4  oz.  Ag,  8.4  %  Zn. 

Sizing  Test : — 


%  weight. 

Assay. 

%  Pb. 

Oz.  Ag. 

%  Zn. 

+  60     . 

1.5 

2.0 

137.2 

11.8 

+  80     . 

.   !       1.0 

4.0 

318.7 

20.0 

+  100     . 

.     I           1.0 

4.0 

321.1 

20.7 

+  120     . 

1.5 

5.4 

280.3 

21.0 

+  150     . 

.    !           .5 

12.8 

223.4 

20.3 

+  200     . 

.     '          2.5 

18.0 

201.1 

22.4 

-200     . 

92.0 

63.0 

68.0 

8.5 

:       100.0 

58.5 

81.3 

9.4 

The  copper  present  in  this  sample  was  not  determined. 

Considerable  quantities  of  the  mineral  pyrrhotite  were  present  in 
these  samples,  and,  as  silver  has  been  found  associated  with  pyrrho- 
tite in  the  Broken  Hill  district,  the  mineral  pyrrhotite  was  separated 
from  the  concentrate  by  a  magnet  and  assayed  for  silver,  the  result 
being  7.0  oz.  per  ton. 

The  recovery  of  silver  in  the  gravity  concentrating  mill  is  not  high, 
owing  to  the  losses  in  the  slime  produced,  and  in  the  close  inter- 
mixing of  the  silver-carrying  minerals  with  the  blende  in  the  tailing 
product.  If  these  products — i.e.,  zinc  tailing — were  more  finely 
ground  and  preferentially  floated,  much  more  of  the  silver  could  be 
recovered  than  at  present. 

Circuit  Water. — The  water  used  in  the  flotation  circuit  consists 
of  water  pumped  from  the  underground  workings,  and  a  small 
addition  of  fresh  water  from  the  town  mains.  The  circuit  liquor  is 
always  run  at  approximately  22°  C,  and  is  alkaline  to  methyl 
orange. 
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The  following  is  a  typical  analysis  of  the  circuit  hquor  : — 


j  Grains  per 
gallon. 

Total  .. 

•  • 

368 

SiO^ 

1.6 

Fe.,03Al20-3 

4.2 

MnO 

15.4 

ZnO 

8.7 

CaO 

52.7 

M-0 

10.1 

SO3 

144.3 

CI    .. 

52.9 

CO., 

3.5 

NaoO 

49.3 

KoO 

17.7 

Water  of  crystallization  . . 

21.6 

382.0 

Less  oxygen 

equivalent  to  CI 

11.9 

Total      . 

• 

. 

•                    •  • 

370.1 

RESIDUES   FROM   FLOTATION   PLANT. 

The  residue  from  the  lead  section  of  the  flotation  plant,  which  has 
an  average  assay  of  2.5  %  Pb,  1.5  oz.  Ag,  13.9  %  Zn,  is,  for  the  present, 
stored  in  a  dam.  The  method  of  building  the  dam  is  practically  the 
same  as  that  outlined  in  an  excellent  number  of  articles  on  slime 
dams,  their  construction  and  maintenance,  by  J.  E.  Thomas  and 
E.  A.  Ostenleigh,  in  the  Journal  of  the  Chemical,  Metallurgical,  and 
Mining  Society  of  South  Africa,  beginning  in  June,   1917. 

Treatment  of  the  Lead  Residue. — The  residue  contains  approxi- 
mately 90  %  of  the  zinc  contained  in  the  slime,  and  has  an  average 
assay  of  13.9  %  Zn.  It  will  be  seen  from  the  analyses  of  the  slime 
that  it  contains  a  large  percentage  of  calcite,  which,  in  the  ordinary 
zinc  flotation  practice  used  on  this  field,  is  an  acid  consumer. 

Shortly  after  the  completion  of  the  lead  unit,  a  similar  unit  was 
completed  for  the  treatment  of  the  residue  from  the  lead  section,  in 
order  to  produce  a  zinc  concentrate  and  a  valueless  residue. 

The  zinc  unit  was  run  experimentally  for  three  months,  testing  out 
the  method  of  treatment  indicated  })y  the  laboratory  and  one-ton 
unit   results. 
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The  final  set  of  reagents  worked  out  for  the  treatment  of  this 
calcitic  residue  are  small  quantities  of  eucalyptus  oil,  copper  sulphate, 
and  sulphuric  acid  in  a  cold  circuit — i.e.,  27°  C. 

The  experiments  on  zinc  flotation  were  brought  to  a  successful  issue 
in  February,  1917. 

On  account  of  the  war,  the  maximum  production  of  lead  from  this 
field  was  required.  Owing  to  a  shortage  of  labour,  both  the  con 
struction  of  new  plant  and  the  breaking  of  larger  tonnages  of  crude 
ore  from  underground  to  keep  the  gravity  concentrator  running  at 
full  capacity  were  very  much  hampered,  and  to  increase  the  produc- 
tion of  lead  concentrate  the  above  zinc  flotation  section  was  placed  in 
commission  to  treat  the  accumulated  dump  slime. 

In  doing  this,  lead  concentrate  only  was  produced,  and  the  zincy 
residues  from  both  slime  flotation  plants  were  stored  in  dams. 

COMBINED   GRAVITY  AND   FLOTATION  MILL  RECOVERIES   ON   CRUDE   ORE 

TREATED. 

Table  X,  shows  the  total  recoveries,  assays,  &c.,  made  by  gravity 
and  flotation  concentration  for  the  period  January,  1917,  to  May, 
1919   (inclusive). 

During  this  term  the  whole  of  the  slime  produced  was  treated  by 
the  flotation  process  for  the  production  of  a  lead  concentrate. 


Table  X. 


Tons. 

%  prop. 

Assay. 

Proportion 
Recovery. 

%PbOzAg'%Zn. 

%  Pb.:%  Ag. 

%Zn. 

Jig  concentrate 
Table  concentrate   . , 
Flotation        concen- 
trate 

39,243 

38,952 

10,782 

8.09 
8.04 

2.23 

69.4 
63.6 

61.8 

23.8 
24.0 

48.2 

6.5 

8.8 

8.2 

38.7   26.0 
35. Oj  26.4 

9.5   14.4 

3.9 
5.0 

1.3 

Total    lead    concen- 
trates 

88,977 

18.36 

65.8 

26.4   7.6 

83.2 

66.8 

10.2 

Zinc  tailing  . . 
Quartz  tailing 
Flotation  residue     . . 

284,327 
46,763 
64,523 

58.66 

9.66 

13.32 

3.3 
1.5 
2.5 

3.5 
1.4 
1.6 

17.2 

5.3 

13.9 

13.5 
1.0 
2.3 

28.2 
2.0 
3.0 

72.8 

3.7 

13.3 

Total  crude 

484,590 

100 

14.5 

7.3 

13.9 

100 

100 

100 
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TREATMENT    OF    DUMP   SLIME — ARRANGEMENT    OF    FLOTATION    UNIT. 

The  flotation  cells  for  treating  the  dump  material  are  similar  to 
those  treating  current  slime. 

In  this  plant  there  are  nine  flotation  cells,  seven  of  which  are  in 
series  Avith  a  mixer  vessel,  and  two  are  arranged  to  refloat  the  dirty- 
concentrate  from  the  sixth  and  seventh  cells  of  the  series. 

The  last  re-floating  cell  is  connected  by  a  4-in.  pipe  to  the  inlet  pipe 
of  the  first  cell  of  the  series.  By  this  arrangement  the  re-float  residue 
is  drawn  back  into  the  first  flotation  cell  by  the  pump  impeller,  making 
a  very  compact  and  neat  arrangement.  The  arrangement  is  shown 
in  Fig.  24. 

Practice  of  Treatment. — The  early  laboratory  and  one-ton  unit  tests 
show  that  approximately  60  %  of  the  lead  and  65  %  of  the  silver 
could  be  recovered  on  slime  from  the  dump  that  had  not  become 
air-dried  or  weathered. 

Breaking  and  Transporting  Slime  to  the  Plant. — It  was  decided  that 
the  dump  adjacent  to  the  flotation  plant,  containing  350,000  tons 
of  slime,  and  having  an  average  height  of  30  ft.,  was  to  be  treated. 

A  sluicing  scheme  was  finally  decided  upon  for  the  removal  and 
transport  of  this  slime  to  the  plant,  which  is  novel  for  this  field.  At 
the  dump  the  slime  is  broken  down  with  two  1-in.  monitors  operating 
at  a  pressure  of  80  lb.  per  sq.  in.  The  pulp  formed  varies  from  10% 
to  15  %  solids  by  weight,  and  is  gravitated  to  a  pair  of  Gould  4-in. 
centrifugal  pumps.  The  pump  and  pits  are  placed  10  ft.  below  the 
surface  level  of  the  ground,  the  pressure  of  water  for  the  monitors 
being  provided  by  a  Kelly  and  Lewis  6-in.  centrifugal  pump. 

The  pumps  deliver  the  pulp  to  two  25-ft.  and  one  20-ft.  Dorr 
thickeners  ;  the  clear  overflow  flows  to  the  mill  sumps  or  mill  dams  as 
required.  The  monitors  disintegrate  the  interior  portions  of  the 
dump  slime  into  practically  its  original  slime  condition.  The  hard 
outer  crusts  are  broken  into  little,  hard,  round  pellets,  approximately 
J  in.  to  J  in.  diam.  These  small  ])ellets  of  slime  are  carried  along 
with  the  pulp  and  discharged  over  a  screen  on  the  down  ])ipe  of  the 
thickeners,  which  takes  out  all  above  J  in.  diam.  ;  the  plus  I  in, 
material  is  subsequently  crushed  through  the  screen. 

The  thickened  pulp  flows  from  the  thickeners  through  a  tube  mill, 
where  the  small  hard  pellets  of  slime  are  ground  up.  The  ])ulp  is  then 
elevated  to  the  mixer  vessel  of  the  flotation  plants,  where  a  small 
quantity  of  eucalyptus  oil  is  added  and  beaten  in. 
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The  pulp  then  passes  over  a  sampling  machine  in  order  to  take  a 
tonnage  and  assay  sample.  From  the  sampling  machine  the  slime  pulp 
gravitates  to  the  flotation  cells,  where  a  lead  concentrate  is  floated  ofi. 

The  consumption  of  eucalyptus  in  this  plant  is  .03  lb.  per  ton  of 
slime  treated. 

Disfosal  of  Concentrates. — These  are  sent  to  a  storage  agitator  and 
filter-pressed  in  Dehne  presses,  as  described  under  current  slime. 

Disposal  of  Residues. — These  are  disposed  of  in  the  same  manner 
as  the  residues  from  the  current  slime. 

Grade  of  Concentrates  and  Recovery  from  Dump  Slime.— Tsible  XI. 
shows  the  tonnages  of  dump  slime  treated,  with  assays  and  recoveries, 
from  the  inception  in  February,   1918,  to  May,   1919  : — 

Table  XI. 


Tons. 

%prop. 

Assay. 

Proportion. 

%  Pb. 

OzAg.j%Zn.%Pb.;%Ag. 

%Zn. 

Lead  concentrate 
Lead  residue 

7,219 
44,842 

13.86 
86.14 

51.1 
*5.1 

44.8 
2.4 

14.4 
13.5 

61.7 

38.3 

75.3 
24.7 

14.6 

85.4 

52,061  llOO 

11.5 

8.2 

13.6   100 

100 

100 

*  The  residue  contains  2  %  Pb  in  the  oxidized  state. 
The  following  are  typical  assays  obtained  by  sectional  sampling 
of  the  unit : — 


No.  of 

Assay. 

Cell. 

%  Pb. 

%  Ag. 

%  Zn. 

1 

61.6 

56.0 

11.2 

2 

57.4 

46.4 

12.6 

3 

48.0 

36.6 

15.4 

4 

38.4 

28.8 

21.0 

5 

32.0 

22.0 

22.9 

Refloat  concentrate  from 

6 

48.0 

37.2 

15.0 

Nos.  4  and  5  cells 

7 

44.0 

36.0 

16.1  . 

EXPERIMENTAL   LABORATORY. 

An  experimental  laboratory  for  testing  and  investigating  problems 
contingent  to  the  process  is  maintained  at  the  mine,  and  is  attached 
to  th'-  asHav  office.     It  isdirectly  under  the  charge  of  the  metallurgist. 
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This  laboratory  is  equipped  with  two  experimental  machines,  as 
shown  in  Fig.  14,  and  two  smaller  machines  made  from  drawings 
(Fig.  22).  One  of  each  of  these  machines  is  constructed  of  cast  iron, 
the  other  of  brass.  The  reason  for  this  is  the  difference  in  the 
behaviour  of  blende  when  treated  in  a  brass  or  iron  vessel. 

In  addition  to  the  sub-aeration  flotation  machine,  the  laboratory  is 
fitted  with  a  small  Pachuca  tank,  Callow  cell,  and  a  Braun  K.  and  K. 
flotation  machine.     Gas,  air,  steam,  and  cold  water  are  laid  on  to 


the  building. 


LABOUR. 


The  stafE  for  operating  the  concentrating  mills  and  flotation  plants 
comprises  : — 

Chief  metallurgist. 
Assistant  metallurgist. 
Milling  foreman. 
3  mill  shift  bosses. 
3  jig  bosses. 
Foreman  fitter. 
The  general  labour  for  operating  mills  per  24  hours  is  as  follows  : — 

Gravity  Concentrating  Mill. 


Men. 

Boy! 

Cracker  feeding 

. 

.        4 

Crude  ore  conveyor  . 

. 

.        3 

3 

Rolls 

, 

o 

3 

Jigs  and  plugs 

.     — 

3 

Grinding  ])ans 

.       3 

Trucking  lead  concentrate   . 

.       3 

Wilfley  table  attendants 

.     12 

Oilers    . . 

.       3 

3 

Water  circulation 

.       3 

— 

Motor  drivers 

.       3 

— 

Engine  drivers 

.       3 

— 

Samplers 

1 

1 

Fitters 

2 

— 

Mill  repairers  . . 

.       3 

— 

Fitters'  labourers 

.       3 

— 

General  labourers 

• 

5 

— 
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Slime  Flotation   Plants   [Current   and   Dump   Treatment). 


Flotation  cell  men     . . 

Feed  Dorr  thickeners  (attendants) 

Residue  Dorr  thickeners  (attendants) 

Oilers    . . 

Filter  press  attendants 

Sluice  men,  dump  slime 

Slime  residue  disposal 

Labourers 

Fitter 

Fitter's  labourer 
Motor  drivers 


6 
3 
3 
3 
4 
3 
3 
3 
1 
1 
3 


Treatment  Costs,  Gravity  Mill. 

Table  XII.  gives  segregation  of  treatment  costs  during  the  two 
half  years  ended  30/6/1911  and  31/12/1911,  and  shows  that  costs 
were  on  a  satisfactory  level.  The  plant  was  running  at  full  capacity, 
the  rate  of  treatment  being — 

6732  tons  per  week  for  half-year  30/6/1911. 

♦'915     „  „  „  „         31/12/1911. 

The  basic  wage  was  then  9s.  6d.  per  shift  of  8  hours,  and  the  weekly 
hours  48. 

Prices  for  stores  were  at  normal  figures. 

Treatment  Costs,  Gravity  and  Flotation  Mill. 

Table  XIII.  shows  particulars  of  the  treatment  cost  in  all  stages  of 
the  process  for  the  half-year  ended'  December,  1918.  This  period  was 
chosen  on  account  of  being  a  period  during  which  the  plants  were 
running  continuously,  but  not  to  full  capacity,  and  was  free  from  strikes. 

The  average  weekly  tonnage  of  crude  ore  milled  was  3750  tons, 
a  little  more  than  half  of  the  rated  capacity  of  the  concentrator,  the 
low  tonnage  being  due  to  a  shortage  of  miners  on  the  field. 

The  basic  wage  at  this  time  was  12s.  per  day  ;  hours  per  shift,  8  ; 
and  per  week,  48. 

Prices  for  stores  were  inflated,  owing  to  the  war,  and  trom  the 
same  cause  the  number  of  men  available  for  the  industry  had  fallen  so 
much  that  stoping  operations  underground  were  reduced  from  three 
to  two  shifts.  The  hours  of  work  fpr  miners  were  reduced  from  48 
to  44  by  the  award  of  Mr.  Justice  Higgins  in  1916. 
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Table  XIII. 

Treatment  Costs  for  the  Half-Year  ended  Slst  December,  1918. 

Cost  per  ton  treated. 


Crude  Ore. 
Tons  treated  . . 
Lead  concentrates  produced 


97,510 
16,208 


— 

Labour. 
s.  d. 

Stores, 
s.  d. 

Power. 

s.  d. 

Total. 
s.  d. 

Superintendence  . . 
Gates  crushing     . . 

7.6 
1.9 

0.8 

2.4 

7.6 
5.1 

Crude  ore  conveying 
Sampling  . . 
Roll  crushing 

1.3 

0.4 
1.6 

0.7 
0.1 
1.3 

0.3 
0.0 
4.2 

2.3 

0.5 
7.1 

Rail  elevators 

0.6 

1.5 

0.5 

2.6 

Jigging  and  jig  screens 

0.8 

0.3 

0.3 

1.4 

Fine  grinding 

1.2 

3.9 

10.8 

1.39 

Pan  elevators 

0.3 

0.7 

5.6 

6.6 

Pan  screens    . 

0.1 

0.4 

0.5 

1. 

Wilfley  tables 

Wilfley  elevators. . 

3.8 
1.5 

1.0 

1      0.8 

1.1 
1.6 

5.9 
3.9 

Quartz  disposal   . . 
Zinc'  disposal 
Concentrate  disposal 

0.2 
0.3 
1.7 

1       0.1 

!     1.0 

\       0.6 

— 

0.3 
1.3 
2.3 

Mill  water  circulation    . . 

1.7 

0.9 

1.8 

3.4 

Lighting  and  telephone . . 
Assaying    . . 

1.1 

1.0 

1.8 

1.8 
2.1 

Sundries    . . 

9.8 
2/U.2 

!       4.5 

i  1/7.9 

0.7 

2/8.1 

1/3. 

Grand  total 

7/3.2 

Current  Mill  Slime. 
Tons  treated   . . 
Lead  concentrates  produced 


15,567 

2,278 


— 

Labour, 
s.  d. 

Stores. 
s.  d. 

Power. 

s.  d 

Total. 
.  d. 

Superintendence 
Sluicing 
Treatment     . . 
DisjKjsal  of  residue 
Filter-pressing 
Concentrate  disposal 
Sundries 

0.8 

1/3.4 

6.4 
4.1 
1.2 

1.8 

11.3 
2.0 
6.5 

5.9 

4/5.7 
2.3 
0.8 

1.8 

0.8 

6/8.4 

10.7 

11.4 

1.2 

9.5 

Grand  total 

2/5.7 

2/1.7 

4/10.6 

9/6.0 

ON  CONCENTRATING  PRACTICE,  BROKEN  HILL  SOUTH  LTD.      293 


Accumulated  Dump  Slime. 

Tons  treated  ..         ..         ..         ..         ..      21,055 

Lead  concentrate  produced..  ,.         ..        2,977 


Labour. 

Stores. 

Power. 

TotaL 

s.  d. 

s.  d. 

s.  d. 

s.  d. 

Superintendence 

0.6 

0.6 

Sluicing 

7.9 

7.5 

1/3.4 

Treatment     .  . 

7.2 

3.3 

3/8.2 

4/6.7 

Disposal  of  residue 

6.1 

1.6 

2.7 

10.4 

Filter-pressing 

3.7 

5.9 

0.8 

10.4 

Concentrate  disposal 

1.2 

1.2 

Sundries 

1.4 

5.4 

1.0 

8.1 

Grand  total 

2/4.1 

1/11.7 

4/1.0 

8/4.8 

Conclusion. 

The  milling  practice  described  in  the  foregoing  pages  may  be 
regarded  as  typical  for  the  recovery  of  galena  in  the  form  of  a  con- 
centrate from  Broken  Hill  ores.  The  main  modification  to  bring  the 
description  into  line  with  other  mills  is  the  substitution  of  tube  mills 
for  grinding  pans  for  the  grinding  of  the  jig  tailing  for  table  treatment. 

Most  of  the  other  companies  recover  the  blende  in  the  form  of  a 
flotation  zinc  concentrate  from  the  table  tailing.  This  is  not  done 
at  present  by  the  South  Co.  For  the  time  being  the  South  Co.  has 
a  contract  with  Amalgamated  Zinc  (De  Bavay's)  Ltd.  for  the  treat- 
ment of  the  table  zinc  tailing  for  the  production  of  zinc  concentrate. 
In  the  treatment  of  slime  a  few  companies  are  treating  their  slime 
products  by  Bradford  SOo  and  CuSO^  processes,  with  excellent  results. 

The  plants  of  the  Broken  Hill  South  Ltd.  wore  constructed  under 
the  supervision  of  the  general  manager,  \V.  E.  Wainwright,  and  were 
designed  by  the  company's  chief  engineer,  J.  C.  Cunningham.  The 
metallurgical  experimental  work  and  the  superintendence  of  milling 
operations  up  to  1915  were  under  the  care  of  the  company's  chief 
metallurgist,  W.  J.  M'Bride,  who  in  that  year  joined  the  A.I.F..  and 
became  a  captain  in  the  First  Tunnelling  Company,  France,  and  sub- 
sequently returned  to  Australia  and  the  South  Co.  in  1919.  During 
the  absence  of  the  chief  metallurgist  with  the  A.I.F.  his  work  was 
carried   on  by  T.  A.  Read,  the  company's  assistant  metallurgist. 


i 


i 
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MECHAXICAL  METHODS   OF  ALLAYING  DUST. 

By  p.  H.  Warren. 

(Discussion.) 

Mr.  p.  H.  Warren   ia    his    final  reply   to    discussion     said   that 
Mr.    Fairweather.    at    the    Institute  meeting    on    21st    June,    drew 
attention  to  the  fact  that  the  modern  rock-drill  should  be  regarded 
as    a    mechanical    dust-allayer.       It    was    thought,    however,    that 
members  interested    in  the  subject  would  be  sufficiently  conversant 
with    the    general     operation    of     rock-drills    to    make    a    detailed 
description  of    constructional  features    unnecessary.      Attention  was 
therefore   concentrated  upon   the   relative   efficiency  of  the   different 
types    of    machines    in    their    respective    dust-allaying    capacities. 
He    (the    author)     nevertheless    agreed   with    Mr.    Fairweather    that 
the  literature  upon  the  subject  of  rock-drills  could  be  added  to  in 
the  light  of  present-day  knowledge  and  requirements.     In  touching 
lightly  upon  the  subject,  he  would  like  to  say  that,  in  his  opinion, 
the    rock-drill    of    the  future    for  stoping    and    driving    work  would 
be  the  axial  water-feed   machine,  not  only  because  it  was  so  much 
lighter  than    the   reciprocating    machine,    and    on    account    of    the 
greater  ease  in  collaring  holes,  and  its  higher  boring  speed,  but  in 
the  matter  of  dust -allaying  it  was  not  de})endent  upon  a  man  with 
a  jet,  and  therefore  never  bored  dry  unless  the  water  supply  were 
interfered    with.      Other   things   ])eing   equal,   the   quantity   of   dust 
made  by  hammer  drills  was  pro])ortional  to  the  quantity  of  exhaust 
air  allowed  to  pass  through  the  hollow  steel  to  the  bottom  of  the  hole. 
The  truth  of    that  statement  had  been  demonstrated  on  the  South 
mine.      Whereas,   in  the   case  of  axial   water-feed   machines  of  the 
Leyner  type,  the  ])assage  of  water  through  the  steel  ke])t  the  dust 
in    check,    dry-head     jack-hammers    were     dependent     upon    water 
externally   applied,   and,   in   his  experience,   invariably  showed   higli 
dust  counts  when  reliance  was  ])laced  on  the  outside  jet  alone.     The 
various  forms  of  the  Clifton  api)aratus  had  been  dcveloi^ed  to  meet 
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that  difficulty,  and,  while  the  Clifton  had  proved  its  superiority  over 
the  outside  jet,  as  before  stated,  the  quantity  of  dust  getting  away 
would  depend  on  the  quantity  of  exhaust  air  passing  through  the 
hollow  steel.  Fig.  1  showed  a  modified  form  of  Clifton  apparatus 
called  the  disc  type,  which  the  South  mine  was  using  for  all  popping 
work.     It  was  smaller,  permitting  of  shorter  steels  being  used,  and  was 


IZTHREAD'S^^.INcit 


Fro.  1. 
iMi'RovKn  Popper— Cr.iPTON  Disc  Tvpe. 


Fig.  ^. 


more  durable  than  that  shown  in  fig.  3  of  the  original  paper. 
was  a  development  of  the  apparatus  for  use  with  jack-hammers  in 
winze  sinking;  the  hole  at  the  top,  being  2i-in.  diam.,  allowed  the 
u.se  of  collared  steel.  He  had  not  yet  found  an  axial  water-feed 
machine  that  gave  low  dust  counts  on  rise  holes— an  axial  water-feed 
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macbine  being  one  in  which  the  water  passes  through  the  hammer— 
and  those  machines  possessed  the   additional  disadvantage  of  being 
verv  wet  to  work  under.     Those  facts,  together  with  the  encouraging 
results   obtained   from   experimental   use   of   Clifton's   apparatus,   as 
illustrated  in  fig.  2  of  the  original  paper,  on  rise  holes,  with  dry-head 
hammer  machines,  justified  them  in  developing  that  line  of  attack. 
In  passing,  he  would  like  to  say  that  it  was  hardly  fair  to  the  apparatus 
to  test  it  with  cruciform  steel,  as  he  believed  was  done  in  the  case  of 
the  Zinc  Corporation  test  mentioned  by  Messrs.  Clayton  and  Hanton.. 
A  great  deal  had  been    said  in  opposition  to  the  suggestion  to  use 
water  blasts  on  a  comprehensive  scale,  but,  as  Mr.  Fairweather  had 
pointed  out,  the  argument  had  never    passed  beyond  the  stage  of 
assertion,  unsupported  by  conclusive  proof  that  such  practice  would 
result  in  prohibitive  expense,  or  would  adversely  affect  the  conduct 
of  mining  operations  in  any  way.     Dealing  first  with  the  subject  of 
humidification  of  mine  air  due  to  use  of  water  blasts,  he  was  afraidi 
Mr.  Clayt-on  must  have  misread  the  writer  on  that  subject.     He  (Mr. 
Clayton)  accused  the  author  of  having  said  "  The  water  blast  did  not 
practically  saturate,"  and   later,  "  Surely  Mr.   Warren  was   not  con- 
t-ending  that  water  blasts  did  not  increase  the  humidity  of  the  air."" 
Both  in  the  original  paper  and  in  reply  to  discussion  at  a  subsequent 
meeting  the    writer  admitted  that  the  use    of    water  blasts  would 
produce  temporarily  an  increased  degree  of  humidification  of  the  air  in 
the  places  where  they  were  used.     When  they  first  started  installing 
water  blasts  they,  in  common  with  others,  believed  that  the  increased 
humidity  was  likely  to  prove  a  serious  obstacle  to  their  use,  but  those- 
fears  had  not    been    realized,  as  the  figures    showing  the    relative 
humidity  of    the    air  in  working  places,  quoted  on  page  91  of    the- 
Proceedings  (No.  42),  showed.     He  wished  to  again  emphasize  the 
statement  that  humidification,  and  its  effect  on  mine  workers,  was 
dependent  upon  factors  such  as  the  depth  of  the  workings,  amount 
and  moisture  content  of  rock  face  exposed,  moisture  contained  in  the 
filling,  and  temperature  of  the  air.     It  was  essential,  in  their  own 
interests,  tha'  they  provided  sufficient  ventilation  to  enable  the  mea 
to  woik  in  reasonable  comfort.     The  increased  humidification  due  to- 
water  blasts,  occurring,  as  it  did,  at  intervals  only,  and  then  while 
the  men  were  not  actually  in  the  face,  could  easily  be  dealt  with.     In 
any  case,  humidification  could  have  no  serious  effect,  provided  the 
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wet-bnlb  temperature  be  kept  sufficiently  low^a  condition  which 
could  easily  be  obtained  in  any  Broken  ^Hill  mine.  The  following 
example  was  based  upon  the  conditions  existing  at  the  South  mine  :— 
Assume  that  there  were  60  water  blasts  in  the  mine,  averaging  15 
minutes^  running  time  each  per  24  hours.  Taking  the  water  con- 
sumption of  each  blast  at  2  gal.  per  minute,  and  using  Mr.  Clayton's 
figure  of  1  lb.  of  water  to  560  cub.  ft.  of  air,  they  would  fog  10,080,000 
cub.  ft.  of  air,  which  was  about  one-twentieth  the  quantity  of  air 
handled  by  the  fan  in  the  24  hours.  The  following  test  was  also  of 
interest  : — 

Humidity  Test  after   ]Vaier  Blasting  in  Dead-end  Drive  150  //.  auay 
from  Nearest  Through  Air  Current. 


Time. 

Wet. 

Dry. 

Remarks. 

9.45  a.m. 

61°  F. 

66°  F. 

Before  water  blast  started. 

9.50-10.00 

— 

Water  blast  full  on. 

10.00 

65 

65 

Water  blast  stopped. 

10.5 

65 

651 

10.10 

641 

66 

10.15 

631 

66 

10.20 

63 

66 

10.25 

62 

66 

It  would  be  seen  from  the  above  test  that  the  humiditv  ratio  of 
the  air  in  the  place  had  become  nearly  normal  25  minutes  after  the 
wMter  blast  had  stopped.  If  the  contention  that  the  use  of  water 
blasts  on  a  big  scale  had  a  serious  effect  on  the  quality  of  mine  air 
were  true,  should  they  not  be  able  to  detect  it  at  present  in  the  South 
mine  ?  It  frequently  happened  that  15  or  20  blasts  might  be  in 
operation  for  15  minutes  during  the  day.  The  following  figures  were 
therefore  presented  as  showing  that  water  blasting  did  not  produce 
any  serious  increase  in  humidity  : — 


Classification. 


1.  General  stope  average,  Aug.,  1920 
*^.  Average  working  places,  Aug..  1921 
3      verage  stopes,  425-970.  Aug.,  1921 
4.  „  „        1918 


Wet. 

Dry. 

Relative 
Humiditj'. 

70i 

73 

86% 

68i 

71 

85i 

73 

76i 

8U 

79  i 

81J 

90 
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The  quantity  of  moisture  in  the  mine  air  in  1918,  when  no  water 
blasts  were  used  in  stopes,  was  greater  than  at  present.  The  ventila- 
tion system  had,  during  that  period,  received  considerable  attention, 
which  accounted  for  the  differences  shown.  He  was  quite  in  agree- 
ment with  Mr.  Clayton's  statement  that  dust  should  be  completely 
removed  from  the  mine,  so  that  men  could  not  come  into  contact 
with  it,  but  he  was  afraid  that  in  most  metalliferous  mines — certainly 
in  their  own  case — the  practical  realization  of  that  excellent  ideal 
presented  difficulties  which  made  it  impossible  of  achievement.  As 
an  illustration  of  that,  the  air  which  leaves  their  stopes  vqu  the 
1270-ft.  level  opposite  No.  1  shaft  had  to  traverse  15  working  faces 
before  it  could  reach  the  upcast.  Gravimetric  samples  had  shown 
that  firing  in  sulphide  stopes  could  produce  quantities  of  dust  up  to 
138  mg.  per  cub.  metre  (the  tentative  safety  standard  in  South  Africa 
is  5  mg.  per  cub.  metre)  obtained  up  to  30  minutes  after  the  holes 
were  fired.  They  were  therefore  faced  with  the  necessity  of  doing 
something  to  prevent  men  breathing  air  so  heavily  charged  with  dust. 
Fo!tunately  for  them,  the  local  conditions  as  regards  fibrosis  were 
very  much  more  favourable  than  those  obtaining  in  South  Africa, 
but  the  chairman  of  the  Broken  Hill  Technical  Commission  definitely 
stated  that  "  a  condition  of  pneumoconiosis  arises  among  underground 
workers  as  a  result  of  inhalation  of  dust."  He  (the  author)  would 
point  out  also  that  the  companies  were  paying  out  considerable  sums 
of  money  as  compensation  for  both  fibrosis  and  lead  poisoning. 
They  were  therefore  justified  in  adopting  all  reasonable  measures  to 
])revent  the  men  from  coming  into  contact  with  such  dust.  The 
following  samples  were  taken  gravimetrically  in  stopes,  and  repre- 
sented weights  of  dust  obtained  up  to  30  minutes  after  firing  : — 


Date. 

Remarks. 

Milligrams 
per  Cub.  M. 

%  Pb. 

13/6/21 
14/6/21 
16/6/21 

18/2/21 

Fired  3  holes — no  water  blast 
JJ       o      ,,                  ,,               ,, 
4 

55              ^            55 

„      3  side  holes 

41.9     1      14.9 

138.0    1     18.3 

40.0         46.4 

69.0         31.9 

He  directed  attention  to  the  high  percentage  of  lead  in  those  samples. 
Tests  had  been  submitted  as  showing  that  the  water  blast  was  effective 
in  allaying  dust.  Particulars  of  the  following  test  conducted  by  Mr. 
P.  M.  Murdoch  and  the  author  were  given  as  conclusive  evidence  in 
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support  of  the  above  contention.      The  accompanying  sketch  (fig.   3) 
shows  the  location  of  the  test.     Six  holes  3  ft.  deep  were  fired  in  each 


Fig.  .3. 


test,  and  the  same  quantity  of  explosive — viz.,  12  lb.  of  74  %  gelatine 
dynamite — was  used  for  each  firing. 


Time 

of 
Firing. 

Water 

Blast. 

Sam 
Start. 

pie. 
Stop. 

Milligrams  of 
Dust  per  Cub. 
Metre  of  Air. 

Percentage 
Reduction 

Total  Dust 
Particles 

per  cc.  Av. 

for 

Sample. 

«3  .2 

On. 

Off. 

2.45  p.m. 

None. 

p.m. 
2.50 

p.m. 
3.00 

371.20 

1 
1 
1 

No  spots  1    — 

14/10/21 

3.00 
3.15 

3.15 
3.45 

157.00 
35.00 

— 

1744      1 

3.45 

4.15 

7.60 

—  . 

283          — 

1 1  .56  a.m. 

a.m. 
11.56 

p.m. 
12.11 

p.m. 
12.1 

p.m. 
12.11 

37.60 

89.90 

No  spots 

13/10/21 

Ran 

L  for 

12.11 
12.26 

12.26 
12.56 

19.70 
10.90 

87.5 
68.9 

654 

62.5 

15 

mins. 

12.56 

1.26 

3.40 

55.3 

No  spots 

— 
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The  foregoing  comparison    showed  that  the  dust  in  the    air  in  the 
second  test  up  to  15  minutes  after  firing  was  only  1/lOth  that  present 
in  the  first  test,  in  which  no  water  blast  was  used.     Most  of  those 
members  who  have  helped  in  the  discussion  w^ere  prepared  to  concede 
that  water  blasts  could  be  used  with  advantage  in  dead-end  places 
and  over  stope  exits,  such  as  winzes.     The  suggestion  advanced  in 
the  original  paper,  that  every  stope  face  should  be  provided  with  a 
water  blast,   and    that  additional  blasts    should    be   provided  over 
winzes,   could  be  modified  to  read — "  In  stoping  operations,   water 
blasts  should  be  provided  where  they  can  be  used  with  advantage." 
He  was  quite  prepared  to  admit  that  w^ater  blasts  placed  in  large  stopes 
could  not  be  expected  to  lay  dust  with  the  same  efficiency  as  would 
be  the  case  in  a  small  development  end,  but  he  must  insist  that  the 
methods  of  mining  in  use  at  Broken  Hill  resulted  in  the  existence  of  a 
large  number  of  stopes  that,  by  reason  of  the  small  area  open  at  any 
time,  could  easily  be  covered  by  a  water  blast,  and  that  contention 
"vvas  supported  by  Mr.  Bridge.     If,  therefore,  they  wished  to  prevent 
•concentrations  of  dust,  resulting  from  firing  stope  faces,  being  carried 
by  air  currents  to  other  working  places,  was  it  not  reasonable  to  use 
.any  means  they  had  at  their  disposal  to  cause  such  particles  of  dust 
to  become  wet  and  fall  before  they  could  reach  other  faces  where  men 
were  at  work  ?     Water  blasts  situated  in  stopes  had  one  advantage 
•over  those  situated  over  winzes,  which  should  be  mentioned.     They 
were  much  more  easily  controlled,   and  could  be  attended    by  the 
miners,  whereas,  in  the  latter  case,   some  special  arrangement  was 
necessary.     Objection  had  been  raised,  on  the  score  of  expense,  to 
the  use  of    water  blasts,  though  no  figures  had    been    supplied    in 
support  of  that  contention.     The  following  was  an  estimate  of  cost 
for  an  installation  of  70  blasts,  which  would  be  the  number  necessary 
in  the  South  mine  for  a  production  of  6000  tons  a  week  : — 
Cost  of  each  blast,  C  type,  placed  in  stope,  £2  7s.  2d. 
70  x  47.16  =  3301.2. 

Assume  that  all  blasts  were  replaced  once  every  two  years,  then 
•capital  cost  per  year        =  1650.6s. 
,,  ,,       ,,    week       =      31.74s. 

^  jddd  5  %  interest  charge  =        1.58s. 

33.32s. 
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Running  Costs.— 

Air. — Each  blast  runs  for  15  minutes  per  shift,  using  130  cub.  ft 
of  air  per  minute,  at  a  cost  of  6d.  per  thousand  cub.  ft.  of 
free  air  = 

70  X  130  X  15  X  1 

=  68.25s.  per  day. 

1000  2 

Water. — Each  blast  uses  2  gall,  per  minute,  at  5s.  per  thousand  = 
70  X  2  X  15  X  5       1050 

= =  10.5s.  per  day. 

1000  100 

68.25 
10.50 

78.75 
plus  10  %  for  labour       7.87 

86.62s.  per  day. 
Weekly  Cost.-  Capital  outlay  . .       38.32s. 

Running— 86.62  x  5         433.10s. 


466.42s.  X  r2d. 


466.42s. 

=  .92d. 

6000 
say  Id.  per  ton,  which,  for  a  weekly  production  of  6000  tons,  repre- 
sented an  outlay  of  considerably  less  than  that  necessary  to  pay 
insurance  premiums  against  lead  poisoning.  He  was  in  agreement 
\vdth  the  remarks  of  Inspector  Grey,  as  (pioted  by  Mr.  Voss  Smith, 
concerning  the  tendency  of  a  water  blast  system  to  02)erate  very 
inefficiently.  That  has  been  borne  out  by  his  own  experience. 
Water  blasts  could  not  be  left  to  look  after  themselves,  nor  could  they 
be  left  to  the  pipefitters'  discretion.  He  had  found  that,  unless  care- 
fully supervised,  they  will  be  wrongly  located  and  jwinted  in  such 
directions  that  they  could  not  j)ossibly  do  nmch  good.  It  was,  he 
thought,  nece  sary  to  educate  the  shift  bosses,  who  visited  the  working 
places  twice  a  shift,  concerning  those  matters,  and  that  was  being 
done.  Each  boss  had  been  supplied  with  a  sheet  of  instructions 
covering  these  and  other  matters  connected  with  dust-allaying  and 
ventilation. 
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Counting  Dust  Spots. — Messrs.  Danvers  Power,  Whiteman,  Clayton^ 
Pearson,  and  Hanton  had  discussed  the  counting  of  dust  spots 
obtained  by  the  konimeter.  The  point  at  issue,  he  thought,  was 
whether  or  not  the  konimeter  in  its  present  form  could  be  regarded  as 
an  accurate  scientific  instrument.  That  matter  had  been  fully 
discussed  by  the  South  African  people,  and  many  interesting  argu- 
ments had  been  advanced  for  and  against  its  use.  Much  of  the 
success  of  that  method  of  determining  the  dust  content  of  air  was 
left  to  the  individual  operator  who  counted  the  dust  particles  after 
the  samples  had  been  secured.  Fortunately,  that  was  a  simple 
operation,  and  capable  of  great  accuracy  in  the  majority  of  cases 
where  the  number  of  particles  did  not  exceed  450  per  cc.  When  dealing 
with  spots  heavier  than  that,  errors  were  likely  to  creep  in,  due  to 
the  formation  of  aggregates  of  dust  particles,  and  also  because  all 
the  dust  might  not  be  deposited  upon  the  vaselined  slide.  Errors 
due  to  the  latter  feature  might,  to  a  certain  extent,  be  modified  by 
taking  proper  care  of  the  instrument.  The  fact  that  the  volume  of 
air  sampled  was  small  (from  5  to  10  cc.)  was  no  disadvantage  when 
using  a  method  which  ultimately  determined  the  dust  content  by 
counting.  If  a  large  volume  of  air  were  taken,  it  would  be  stiU 
necessary  to  count  a  small  portion  only,  and  the  resulting  error  might 
be  much  more  serious  than  if  a  jiumber  of  small  samples  were  taken  and 
averaged.  For  the  determination  of  dust  conditions  in  a  mine  with 
a  view  to  control  and  prevention,  the  instrument  had  great  value  and 
utility,  inasmuch  as  it  supplied  a  quick,  ready,  and  reasonably 
accurate  method  of  discovering  what  those  conditions  were.  They 
used  a  konimeter  made  on  the  Soiith  mine,  on  the  Kotze  model  (but 
with  certain  improvements  designed  to  prevent  leakage),  to  which 
was  fitted  a  microscope,  magnifying  146  diameters.  Samples  could 
thus  be  taken  underground  and  at  once  counted  with  sufficient 
accuracy  to  determine  whether  the  air  was  unduly  charged  with  dust 
or  not.  Counts  obtained  in  that  way  had  checked,  when  counted 
under  the  higher-powered  microscope,  to  within  20  %.  Experience 
enabled  him  to  say  that  counts  of  the  same  operation,  such  as  boring 
with  ])iston  drills,  taken  in  difierent  parts  of  the  mine  at  different 
times,  have  yielded  results  which  vary  little.  In  further  elaboration 
of  that  point,  it  was  interesting  to  note  that  the  figures  given  in  the 
paper  for  piston  drills  with  outside  jet  and  axial  water-feed  machines 
were  233  and  254  (average)  particles    per    cc,  while  the    averages 
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reported  by  the  Chamber  of  Mines  committee  on  dust  sampling  at 
Johannesburg  for  the  first  ten  months  of  1920  were  210  and  269 
respectively.  Dry-head  hammer  popj)ers  with  outside  jet  gave  them 
717  as  compared  with  724  average  for  65  samples  obtained  in  Soutli 
Africa  from  dry-head  jack  hammers  by  Mr.  H.  E.  Barrett,  a  Mines 
Inspector.  The  statement  that  dust  counts  might  easily  vary  by  as 
nmch  as  100  %  was  unfair  and  inaccurate.  An  operator  experienced 
in  the  use  of  a  microscope  should  obtain  results  accurate  to  within 
5  %  on  samples  containing  500  particles  per  cc.  Should  the  spot  be 
denser  the  error  might  be  higher.  Dust  particles,  when  properly  in 
focus,  had  a  well-defined  outline,  which  was  not  the  case  with  pit 
marks  caused  by  water  vapour.  That  matter  had  already  been  dealt 
with  by  Mr.  Read — a  fact  which  appeared  to  have  escaped  Mr. 
Clayton's  notice.  In  counting,  the  writer  used  the  diaphragm  ruled 
into  squares,  though  he  did  not,  as  Mr.  Pearson  stated,  tie  himself 
down  to  a  method  of  counting  nine  or  any  other  number  of  squares 
in  each  quadrant.  He  frequently  counted  spots  in  that  way,  and 
also  by  the  method  which  he  used,  checking  counts  o])tained  by  each 
method  on  the  same  sj)ot.  He  found  that  the  former  method  gener- 
ally gave  a  higher  average  of  about  4  or  5  %.  He  did  not  think  the 
distribution  of  particles  over  the  area  of  a  s})ot  followed  any  known 
law.  He  had  found  great  variations  in  that  respect.  There  was, 
however,  always  a  tendency  to  under-estimate,  for  the  reason  that 
what  may  appear  to  be  a  particle  of  3  or  5  microns  in  size  would, 
when  placed  under  a  microscope  of  higher  resolving  power,  show  out 
as  an  aggregation  of  much  smaller  particles.  That  source  of  error 
was  greatly  intensified  when  the  s]>ot  was  heavy,  and  there  was  always 
a  likelihood  of  the  very  small  ])articles  being  masked  by  llie  larger 
ones  and  thus  being  missed  in  the  count.  Although  tliey  did  not 
adopt  the  magnification  of  225  diameters  to  counterutt  that  danger, 
but  simply  because  a  combination  of  ocular  and  objective  giving  that 
magnification  happened  to  be  available,  they  thought  that  the 
higher  resolving  power  had  a  certain  value  in  exposing  the  very  small 
particles.  Their  instrument  was  fitted  with  a  mechanical  traverser, 
therefore  no  difticulty  was  found  in  obtaining  the  diameter  of  the  spot. 
The  qualitative  grid  lines  were  5  microns  a])art  for  a  magnification 
of  200  (liajueters.  He  ])reforred  the  squared  grid  for  counting,  for 
the  reason  that,  the  squares   being  comparatively  sni;ill    unit    areas. 
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the  lueclianical  business  of  counting  was  facilitated,  resulting  in  les^ 
chance  of  individual  particles  being  counted  twice,  or  possibly  being 
missed  altogether,  and  also  involving  consideralbly  less  eye  strain  for 
the  operator.  Mr.  Pearson's  design  for  a  counting  diaphragm  would 
be  open  to  the  same  objection  as  the  angular  method  sometimes  used 
by  the  South  African  operators.  That  method  permits  of  good  counts 
being  easily  and  quickly  made  as  long  as  the  number  of  particles  did 
not  exceed  300  per  cc.  on  a  5  cc.  sample  ;  above  that  the  counting 
became  a  tedious  operation  and  a  heavy  strain  upon  the  eyes.  When 
counting  samples  of  air  containing  upwards  of  600  particles  per  cc, 
and  using  a  diaphragm  ruled  into  squares,  there  were  seldom  more 
than  8  particles  per  square,  which  number  was  not  too  great  to  be 
kept  clearly  defined  without  possibility  of  double  counting  and  eye 
strain.  That  would  not  be  the  case  if  the  angular  method  were  used. 
The  author's  thanks  are  due  to  those  members  who  had  con- 
tributed discussion,  as  many  interesting  points  had  received  attention, 
to  their  mutual  advantage.  He  was  also  indebted  to  Messrs.  Thomas? 
Black,  and  Hooper,  of  the  South  mine  survey  stafi,  who  supplied  the 
illustrations  which  accompany  the  paper. 
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